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Die ADoOKRPITON ON AMBERLITE IRC — 50 
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SRECIFICITY OF THE METHOD 


By H. DUNER anp B. PERNOW 


From the King Gustaf V Research Institute and the Department of Clinical Physiology, 
Karolinska sjukhuset, Stockholm, Sweden 


(Received for publication February 12, 1958) 


the first usable method for determination 
ustamine in blood was published by Bar- 
m & Gaddum (1935). After a modifica- 
1 by Code (1937) this method has been 
d in the majority of investigations on 
amine in blood. The normal values for 
amine in whole blood in human subjects 
ained by this method vary between 2.5 
9.0 wg per 100 ml (for references see 
reviews by Code, 1952, and Rocha de 
ya, 1955). Recently a chemical method for 
amine determination in blood has been 
oduced by Lowry, Graham, Harris, Prie- 
Marks & Bregman (1954). The mean 
mal value for histamine in whole blood 
auined by this method was 8.2 wg per 
mi. 

‘he highest concentration of histamine was 
nd in the white cells, which contain 70— 
per cent of all histamine extractable from 
whole blood (Code, 1937; Rose & Weil, 


2 


1939; Valentine & Lawrence, 1948; Graham, 
Lowry, Wheelwright, Leny & Parish, 1955). 
Small quantities of histamine have also been 
found in blood plasma (Code, 1937; Emme- 
lin, 1945; McIntire, Roth & Sproull, 1950) 
but the question, whether it is present in a 
free (Emmelin, 1945) or physiologically in- 
active form (Colldahl, Holmberg & Laurell, 
1946), remains unsettled. 

A technically simple method for determina- 
tion of histamine in urine, based on a prin- 
ciple devised by Bergstrom & Hansson 
(1951), was recently described by Dunér & 
Pernow (1956). The histamine was adsorbed 
on an Amberlite IRC-50 column, eluated 
with hydrochloric acid and quantitatively de- 
termined on isolated guinea-pig ileum. In the 
present investigation the same principle with 
slight modification is also used to estimate 
the amount of histamine in blood. 

In healthy subjects the method gives reli- 


a 
re) 
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able values for histamine in blood and urine. 
However, in pathological conditions other 
smooth muscle-stimulating substances may 
conceivably occur in blood and urine in 
amounts sufficiently large to influence the 
values. A study of the adsorption behavior 
of 5-hydroxytryptamine (5 HT), acetyl- 
choline, substance P, and potassium on the 
Amberlite column as well as a quantitative 
comparison between the effect of these sub- 
stances and of histamine on the guinea-pig 
ileum are therefore included in this paper. 
Finely the urinary excretion and assay of 
histamine were studied after administration 
of promethazine in man. 


DETERMINATION OF HISTAMINE 
IN BLOOD 


Method. 


Blood samples were obtained from 25 healthy 
human subjects, males and females, aged 22—30 
years. The samples were collected in the morning 
with the subjects fasting. The amount of histamine 
was determined in whole blood, blood cells and 
plasma. For whole blood 15 cc of venous blood 
was taken, immediately mixed with 100 cc of distil- 
led water, and shaken in order to obtain complete 
hemolysis. Four volumes of acetone were imme- 
diately added, and after stirring and filtering the 
acetone was evaporated im vacuo on a _ boiling 
water-bath. The residue was adjusted to pH 6.5, 
and passed through an Amberlite IRC-50 column 
measuring 10 by 80 mm. After adsorption the 
column was acidified with 1N HCl and the elution 
was then continued with 0.01 N HCl. After neutra- 
lisation the extract was mixed with 10 volumes of 


a 1:1 alcohol-acetone solution and placed in th 
cold (—15°) for two hours. By this procedure mo: 
of the salts were precipitated. After centrifugatio 
the clear centrifugate was evaporated im vacu 
until all alcohol and acetone had evaporated. Th 
extract was then immediately used for the bic 
logical assay, which was carried out on isolate 
guinea-pig ileum. Further details of the extractio 
and quantitative determination procedure are di 
scribed elsewhere (Dunér & Pernow, 1956). 

In 17 cases 50 ce of blood was collected and in 
mediately centrifuged for 20 minutes to separat 
the blood cells from the plasma. The serum we 
poured off, treated with 4 volumes of acetone ar 
extracted in the same manner as described abov 

The blood cells were shaken with 4 volumes « 
ether and ground in a meat mincer to obtain 
complete lysis, 2 cc of distilled water was ne: 
added and the ether was evaporated im vacuo on 
boiling water-bath. The extraction was then cot 
tinued in the same manner as for the whole bloc 
and serum samples. 

In the urine about two-thirds of the total amou 
of histamine is present in an inactive form. Th 
histamine can not be extracted and assayed un’ 
after hydrolysis. To find out whether this appli 
to blood as well, hydrolysis of blood samples w: 
done in some cases. The procedure was the san 
as that described for urine (Dunér & Perno 
1956). 

Results. 

The content of histamine in serum ranged fro 
0.6—2.8 wg per 100 ml of blood (mean: 1.29 + 0.1; 
The corresponding value for blood cells was 1.0 
4.6 ug per 100 ml of blood (mean: 2.66 = 0.3: 
In whole blood the range of the histamine conte 
was 15—88 wg per 100 ml of blood (mea 
4.46 = 0.37). In hydrolysed whole blood the ec 
responding values were 2.1—8.3 ug per 100 ml 
blood (mean: 4.15 + 9.39), respectively (Table | 


Table I. Histamine in blood (ug per 100 ml of whole blood) 


Blood 


Blood serum 
corpuscles 


Mean 


Limits 


W209 == O17 : 
0.6 —2.8 1.0 


Whole blood 
nonhydrolyzed 


Whole blood 
hydrolyzed 


Number of 
subjects 


IDENTIFICATION OF HISTAMINE 
| MIXTURES OF DIFFERENT SMOOTH 
MUSCLE-STIMULATING AGENTS 


| 
| 
} 
| Method. 
in each experiment histamine was mixed in 
ne solution with one of the following substances : 
IT, acetylcholine, substance P or potassium, and 
solution was then passed through the column. 
2 method for adsorption and elution was the 
ye as that described for the blood. The eluate 
s collected in different fractions, which were 
arately assayed on the guinea-pig ileum after 
itralisation. The total activity was first compa- 
to a histamine phosphate standard and expres- 
in terms of histamine base. The assay was then 
éated after addition of dihydroergotamine, atro- 
e or an antihistaminic (Lergitin, Recip) to the 
rode’s solution. The activity was expressed in 
‘amine or units of substance P, the latter after 
ition of Lergitin to the bath-fluid. In each ex- 
iment the ratio of activity between histamine 
| the other substance was determined. 


Results. 


Histamine + 5 HT. Both histamine and 
iT were adsorbed on the Amberlite and 
tained in the same fractions after elution 
th hydrochloric acid. It was therefore pos- 
le to separate them only by assaying the 
ivity of the fractions before and after ad- 
ion of dehydroergotamine (DHE) and 
rgitin. The ratio of activity of histamine 
5HT on the isolated guinea-pig ileum 
ried between 5:1 to 20:1. Two typical 
periments are presented in Table II. 

Histamine + acethylcholine. Like hista- 
ne and 5HT, acetylcholine was completely 
sorbed on the ion exchanger and was eluted 
the same fractions as histamine. Separa- 
n of the effect of the two substances was 
1e after adding atropine or Lergitin to 
 bath-fluid. The ratio of activity of hista- 
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ww 
on 


Table Il. Recovery of histamine and 5HT 
after adsorption on Amberlite IRC-50. 
A. Original solution: 6 ug histamine + 40 wg SHT 


in 100 ml of saline solution. Ratio of 
actvity his SD 132 1. 


Cee AN 
> g 
BOD Bey 
z D Ca. pie eae 
25 BM, “fe | Bo Be 
Scene ene S28) S528 
one i Ole oS Oo 8 Of  e 
he ZS iy HS iS {oe.5 ie 
1 100 6.5 0 0 
Z 48 6.0 0 0 
3 3 5.8 ie 0 
4 2 2.0 6.5 5.0 
ae 3 1.5 1.3 0.9 
Yield 9.0 5.9 


B. Original solution: 6 wg histamine + 10 ug SHT 
in 100 ml of saline solution. Hi: 5HT = 20:1. 


3S Saas 
= Y oe 2.5 ae AGS 
Re, ce SoS Baveial t= 
Soiaee || 22° ts cae Beh ay SS 
Boz | > Oi ere eer 
1 100 0.5 0 0 
2 50 6.0 0 0 
3 9.8 ah 0 0 
4 1.8 ZN 48 4.8 
5 2.0 WZ 16) 1.0 
Yield 6.3 5.8 


mine to acethylcholine was 1:0.15—1:0.8. 
A typical experiment is shown in Table III. 

Histamine + substance P. In contrast to 
all the above-mentioned drugs, substance P 
was not adsorbed on the Amberlite and was 
therefore found in the original solution when 
passed through the column. The activity of 
substance P in the eluate was, thus, readily 
separated from that of histamine. The ratio 
of activity histamine: substance P varied be- 
tween 8.6:1 and 11:1 (pg: unit), (see 
Table TL). 


Table III. Recovery of histamine, acetyl- 
choline and substance P after adsorption on 
Amberlite IRC-50. 

A. Original solution: 20 ug of histamine + 20 wg 
of acetylcholine in 100 ml of saline solution. 
Ratio of activity hi: ach 1:0.15. 


H. DUNER AND B, PERNOW 


Table IV. Recovery of histamine 
and potassium after adsorption 
on Amberlite IRC-50 


The original solution contained 20 mw of histami 
and 60 mg of potassium. 


> & 2 
Se hed Fed 
13) n 2 SS 2 n 2 
25 E ~EE| £°E8 
aeo.| 3s Horas 
es ° e} an Ye _e 
aes | > Be le geen cee nee 
1 100 6.5 0 0 
2 50 6.3 0 0 
3 6 5.3 0 0 
4 20 2.0 66.5 13.0 
5 25 14 31.2 48 
6 21 13 6.0 0 
Yield 103.7 17.8 


B. Original solution: 20 wg of histamine + 75 units 
of substance P in 50 ml saline solution after Ler- 
SitininuMits Ole eewen bt unit be Wee 


“eo 
ee ie 
2 oa as 
oO 3 = & as Eby 
ao 2 ‘eo (see ee 
| o) fo) a es 
ye > ro Eee lean ee 
1 53 6.5 65 70 
2 8.5 5.5 0.9 7 
3 20 21 17.4 0 
4 18 14 14 0 
Vield 262 v7 


Histamine + potassium. Varying amounts 
of histamine were mixed with potassium in 
quantities that normally occur in blood, 7. e. 
65—85 meq. per litre. The potassium was 
determined by flame photometry, but the dif- 
ferent fractions were also assayed on the 
guinea-pig ileum. Potassium was adsorbed 
on the Amberlite and immediately eluted 
after addition of hydrochloric acid. Potas- 
sium was therefore obtained in the same frac- 
tions as histamine (Table IV). 


Potassium ie 


Eluate 

Bee Volume pH fa tae ins ; 
1 20 6.5 1.6 0 @ 
2 25 6.5 0.3 0 
3 5 ENG 0.4 0 
4 Dal 1.9 39.3 14.3 q 
5 DES ies 17.3 41 — 
6 4.0 eZ 6.4 0 : 

Yield 65.3 18.4 


DETERMINATION OF HISTAMINE 
IN URINE CONTAINING PROMETHAZINE 

A special problem arises when assaying 
the histamine content in blood or urine from 
patients receiving promethazine preparations 
It has been shown that this drug is partly 
excreted in the urine in a free form afte! 
oral as well as after parenteral administratior 
(Perlman, 1949). The presence of prometha: 
zine and other antihistaminics makes the bio 
logical assay of histamine impossible becaust 
of a successively decreasing sensitivity of th 
gut to histamine. 

The method for extraction of histamin 
from blood and urine described here can 
however, after some modification be usec 
during promethazine medication. It is ther 
necessary to remove the antihistamine fron 
the extracts prior to the biological assay 
Most of the promethazine passes the column 
but some is also adsorbed and present in thi 
histamine fraction obtained after eluatiot 
with hydrochloric acid. In order to separat 
the promethazine preparation (Lergigan 
Recip) from the histamine fractions we usec 


following method, which is based on the 

ervation of Rhone-Poulenc (1954) that 
methazine can be extracted by ether from 
alt solution. The eluates were neutralized 
h NaOH. Twenty volumes of peroxide- 
» ether was added and the extract vigor- 
ly shaken. The ether was poured off and 
residue was heated on a waterbath at 
ut 60° C until all the ether had evapo- 
2d. Samples of all fractions were tested for 
methazine by adding equal amounts of 
centrated sulphuric acid, which in the pre- 
ce of promethazine gives a carmine red 
yr (Rhone-Poulenc, 1954; Christiansson, 
6). This test is very sensitive, giving a 
ectable color even in the presence of less 
n 1 wg of promethazine per ml. 


RINARY EXCRETION OF HISTAMINE 
AFTER ORAL ADMINISTRATION 
OF PROMETHAZINE 

n this study 50 mg promethazine was 
en intramuscularly in a single dose to five 
ithy subjects. The amount of free hista- 
ve was*determined in the 24-hour urine 
ing two days before and two days fol- 
ing administration of promethazine. For 
2e days the patients did not receive any 
er treatment. The results are collected in 
yle V, from which it will be seen that no 
uificant difference found in the 
punt of histamine excreted during this 
lication. The figures obtained are within 
same limits as those previously found in 
thy human subjects (Dunér & Pernow, 


6). 


Was 


DISCUSSION 
‘he normal values for histamine in whole 
sd obtained by the method described here 
in good agreement with those reported 
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Table V. Urinary excretion of free hista- 
mine after promethazine administration 
in normal subjects 


Histamine in urine 


Day | Treatment (wg per 24 hours) 
Cageil 2 chee eg. 5 
1 None 12 18 95 14 6.7 
2 None 15 16 (one Es) 13 
3 50mgLergitin 13 16 We 13 15 
4 None 10 17 8) 5 8.8 


by others using the method of Barsoum & 
Gaddum (1935). About one-thirds of the 
histamine content in whole blood was found 
in the serum which is inconsistent with some 
earlier investigations, for instance those by 
Code (1937) and Haworth & Mac Donald 
(1937) who did not find any histamine in 
plasma. However, from the values obtained 
by this method 
whether or not the histamine occurs in plas- 
ma in a biologically active form, because the 


it cannot be concluded 


extraction includes procedures which might 
liberate histamine, previously not occurring 
in free form. On the other hand, there is no- 
thing in the blood corresponding to the con- 
jugated histamine in urine, since no further 
increase in the amount of histamine is ob- 
tained in blood after hydrolysis (see Table I). 

The 
smooth muscle-stimulating substances besides 


urine normally contains several 
histamine. Using a biological method for 
determination of histamine, based on _ its 
smooth muscle-stimulating properties, one 
main difficulty is to prove the specificity of 
the results of the assay. Among smooth 
muscle-stimulating principles extracted from 
urine, the following seem to be the most 
important: histamine, 5HT, kallidin (Werle, 
Kehl & Koebke, 1950), substance U (Be- 


raldo, 1952), a specific biologically active 


bo 
ow 


8 ils 


polypeptide found by Gomes (1955) but not 
yet given a name, and potassium. Since 
kallidin, substance U, and Gomes’ principle 
were not available, we studied the behavior 
of another smooth muscle-stimulating poly- 
peptide, substance P (Euler & Gaddum, 
1931; Pernow, 1953, and others), which has 
not yet been extracted from urine. It is likely, 
though it has not been proved, that this sub- 
stance behaves on the Amberlite in a manner 
similar to the above-mentioned polypeptides. 
It will be seen from Table III that substance 
P is not adsorbed on the Amberlite column 
and, hence, it has not interfered with the 
histamine assay. 

Of the substances investigated here only 
potassium and 5HT were shown to be likely 
to interfere with the histamine assay. Both 
occur in blood and urine in sufficiently large 
amounts and both are adsorbed in the same 
manner as histamine on the Amberlite co- 
lumn. The influence of potassium is, how- 
ever, eliminated by treating the extract with 
alcohol and acetone, which precipitates most 
of the salts. 

SHT normally occurs in blood in amounts 
of 0.02—0.3 pg per ml (Erspamer, 1954; 
Sjoerdsma, Weissbach & Udenfriend, 1956, 
and others). The amount of 5HT demon- 
strated in urine varies from less than 50 pg 
per 24 hours (Udenfriend, 1955) up to 0.7 
wg per ml (Lembeck & Neuhold, 1955). 
However, 5HT has only about one-tenth of 
effect of corresponding 
amounts of histamine on the guinea-pig 


the stimulating 


ileum and does therefore not normally inter- 
fere with the histamine assay. Yet, in rare 
cases with increased amounts of 5HT in 
blood and urine, as in carcinoidosis (Pernow 
& Waldenstrom, 1954), the content of 5HT 
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might simulate a high histamine value. TI 
5HT effect on the gut can, however, 
completely blocked by addition of DHI 
(5 wg per ml) to the bath fluid, which is t 
be recommended when using this method © 
extraction and assay of histamine. | 
If an antihistaminic, for instance prome 
thazine, is administered to a subject, th 
method for extraction of histamine in bloot 
and urine has to be completed by a spa 
technique for removing the antihistamine be 
fore the biological assay. The promethazin 
medication did not influence the urinary ex 
cretion of free histamine, which is in con 
formity with the general conception tha 
antihistaminics do not interfere with the re 
lease of histamine. 


SUMMARY 


1. On the basis of a previously describe 
method for extraction of histamine fron 
urine, a modified technique for deter 
mination of histamine in blood is de 
scribed. The content of histamine i 
serum ranged from 0.6—2.8 pg per 10 
ml of blood (mean 1.29+ 0.17). Th 
corresponding values for blood cells wer 
1.0-—4.6, with a mean of 2.66 + 0.33 ws 
per 100 ml of blood. 

2. The specificity of the method was stu 
died by passing mixtures of histamin 
and other smooth muscle-stimulatin: 
agents such as acetylcholine, 5-hydroxy 
tryptamine (5HT), substance P an 
potassium through the Amberlite cc 
lumn. At the subsequent biological assa 
of the eluates, 5HT and potassium wer 
found in the same fractions as histamine 

3. Because of this finding the earlier de 
scribed method for extraction and de 
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termination of histamine (Dunér & 
| Pernow, 1956) was modified by a treat- 
'ment of the eluates with alcohol-acetone 
| in order to precipitate the salts, and by 
addition of dihydroergotamine to the 
bath-fluid in order to make the intestine 
insensitive to 5HT. 
Administration of an antihistaminic, 
promethazine, renders the biological 
assay of histamine impossible because of 
excretion of promethazine in the urine. 
However, the promethazine can be eli- 
minated by extraction with ether 
(Rhone-Poulenc, 1954). The excretion 
of histamine in the urine was found not 
to be influenced by oral administration 
of promethazine. 
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ADDENDUM 


Recently Adam, Hardwick & Spencer (1957) 
have used Amberlite IRC-50 and XE-64 for ex- 
traction of histamine in human blood plasma. The 
blood, obtained from an antecubital vein, was 
allowed to run freely into a chilled polyethylene 
bottle, containing 0.9 per cent NaCl and heparin. 


The plasma was separated by centrifugation at 


+ 4°C. By this technique the histamine equivale 
of human plasma was found to be less than 1 
per ml. 

Adam, H. M., Hardwick, D. C. & Speneé 
Kk. E. V.: A method of estimating histamine ~ 
plasma. Brit. J. Pharmacol. 12, 397, 1957. 


— eye. 
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n the course of time many modifications 
Hymans van den Bergh’s method for 
ntitative determination of bilirubin in 
im have been proposed and new ones are 
lished every day. Nearly all of these use 
red color of the neutral solution for 
wrimetry or photometry and it seems as 
he excellent method described by Jend- 
sik & Grdf in 1938 advocating reading 


1 strongly alkaline solution has been for- 


ren. This method was originally designed 
the Zeiss Pulfrich photometer, but may 
ly be modified for the spectrophotometer 
iescribed below. The author has used this 
hod almost daily for several years and it 
. be characterized as simple, rapid and 
able. All results obtained with the method 
easily reproduced. This view is held also 
With (1954) in his monograph where he 
cribes it as being “both specific and 
ntitative”’. 


hhrlich (1883) observed that bilirubin coupled 
-diazotised sulphanilic acid and that the pigment 
red was red in neutral and blue in alkaline and 
solutions. Hymans van den Bergh & Snapper 
3) used this “azobilirubin’ for quantitative 
rmination of bilirubin in human serum. Hymans 
This investigation has been supported by grants 
1 the Norwegian Research Council for Science 
the Humanities. 
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on January 6, 1958) 


van den Bergh & Muller (1916) discovered the 
accelerator effect of alcohol with certain sera and 
Adler & Strauss (1922) found that not only alcohol 
but also caffeine-sodium-benzoate and other com- 
pounds could serve as accelerators. 


Jendrassik & Grof (1938) used diazotised 
sulphanilic acid which gives water soluble 
pigments and the caffein-sodium-benzoate 
accelerator whereby they excluded precipita- 
tion of proteins by alcohol. They prefered to 
read in alkaline solution to avoid protein 
precipitation and because the specificity of 
the test is greatly increased when the red 
color is changed into a blue one. The color 
of the alkaline azobilirubin is often described 
as green, but this 1s because the blue pigment 
is mixed up with yellow pigments, formed 
when diazotised sulphanilic acid in alkaline 
solution couples with itself or caffein. The 
alkaline pigment in serum has its maximum 
absorption at 600 mu where the absorption 
of the yellow non-bilirubin pigments of 
serum and several red and brown pigments 
preformed or formed by the reagents is 
negligible. 

METHODS 
Reagents 
Reagent I: Caffein 20 gm, sodium benzoate 30 gm, 
sodium acetate 50 gm, distilled water ad 400 ml. 


Reagent IIa: Sulphanilic acid 0.5 gm, conc. hydro- 
chloric acid 1.5 ml, distilled water ad 100 ml. 
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Reagent IIb: Sodium nitrite 0.5 per cent solution 
in distilled water (not more than 14 days old). 

Reagent II: and 3 drops of 
reagent II b (freshly prepared). 

Reagent IIIT: Sodium hydroxide 30 gm, sodium 
potassium tartrate 105 distilled water 
300 ml. 


5 ml reagent Ila 


gm, 


Technique 


The tubes A, B and C are employed as seen 
from the table below: 


Tubes A B Ee 

Distilledkwaternaacrcs aes: 0 0.5 1 ml 
SGntiiiecraa) cate te nn Sern eee 1 1 0 mi 
Reagentrl “ea ceuteen anaes 2 2 2 ml 
Reacent see. ae eee Os Wl 0.5 ml 


The contents are mixed and allowed to stand for 
10 minutes at room temperature. Then 1.5 ml of 
reagent III is added to each tube. The extinctions 
(E,, E, Eq) at 600 mw were then measured in a 
Beckman B_ photoelectric spectrophotometer in 
10 mm thickness. 


COMMENTS 
The bilirubin concentration per 
100 ml serum may now be calculated from 


in mg 


the equation: 
E — 4.50 (E, — Ep — Ee) 


Tube B is a blank without the diazoreagent 
(the same blank extinctions are obtained with 
distilled water and diluted hydrochloric acid) 
and tube C is a blank which eliminates the 
yellow color formed by the diazoreagent and 
the caffeine in alkaline solution. Eg is, how- 
ever, very small and may be neglected if Ey 
exceeds 0.300 (with icteric sera when un- 
diluted). 

Fig. 1 shows that (E, — Ep) has its maxi- 
mum at 600 my and that Eg is very small at 
this wavelength, and Fig. 2 that Beers law 
is valid. Reagents I and II and the nitrite 
content of reagent II may be varied to a 
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0.500 ae 
0.400 co 4 
5 
0.300 \ 
f | 
0.200 | 
s | 
0100| 2 
N 
S 
0.080| = 
i 
x 
Ww 
0.060 | 
0.040 ; 
0.020 | 
600 550 500 mp 
WAVELENGTH 
Fig. 1. Absorption curves. Alkaline ‘ ‘azobilirubin 


in serum (A) and the reagent mixture (B). Bill 
rubin was dissolved in NaOH, serum was adde 
and the mixture neutralized with hydrochloric acid 
The analyses were performed with a blank treat 
in the same way but without bilirubin. The blanl 
(B) was read against water. 
; 
0.800 
0.100 “= 
0.600} 
0.500| 


0.400 


EXTINCTION 


0.300 
0.200! 


_, 


0100| 


— 


TRAINS EEA a oP er Oy VE 

CONCENTRATION : 

Fig. 2. Two dilution series which show that Beer’: 

law is valid. Bilirubin was dissolved in serum a: 

described in Fig. 1, and diluted with physicloug 
saline. 
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le I. Experiments with different ic- 
sera and bilirubin dissolved in normal 
nm. Ihe amount of reagents is varied 
2 0.5 ml serum is used instead of 1 ml 
the final volume made up to 5 ml with 
iologic saline. 
d at the head of the columns is varied 
ule the other reagents are as given in 


Only the reagent men- 


the text. 
Reagents 
[ II IIb Ill 
Es6oo ml Esoo dr. Eeoo ml  Eéeoo 
1.1 0.244 
Le (OAS 
269 03 O177 1 0.358 13 0.246 
D268 0:4 O177 2 OS625ee 140247; 
P2068 05) 0/179 3 0.356 1.5 0.243 
273506 O179 4 OSS IrOmnOrZ50% 
0.268 ) Osoee ily yb 
Purbid. 


Ble ll. The effect of the elapse ‘of 
before addition of reagent which stops 
the reaction. 


Min. Eeoo 
2 0.445 
4 0.447 
6 0.439 
8 0.438 
10 0.438 
15 0.441 
20 0.442 


t extent without affecting the result if 
final volume is made up to 5 ml, 
e reagent III gives turbidity in excess 
ble 1). The limit of 10 minutes may be 
ad within several minutes (Table IJ), 
the reading has to be performed within 
ninutes to avoid turbidity (Table IIT). 


Table III. The effect of the elapse of 
time after the addition of reagent III. 


Min. Ewvo 
1 Wail 
10 0.314 
20 0.312 
30 0.310 
40 OTs 
50 0.320* 
60 0.330* 


* Turbid. 


Tablelv. The effect of different amounts 
of serum proteins. A solution of bilirubin in 
serum (dissolved as described in Fig. 1) was 
diluted with normal serum and physiologic 
saline (serum dilution 1/50 indicates that the 
one ml used in the reaction contains only 
1/50 ml serum). Extinctions have been cor- 
rected for the amount of bilirubin present 
in the normal serum. 


Serum Serum 
dilution Esso dilution Esoo 
1/1.1 0.363 1/5.0 0.368 
1/1.2 0.372 1/5.6 0.365 
1/14 0.393 1/6.3 0.376 
1/1.6 0.367 7a 0.369 
1/1.9 0.373 1/8.3 0.373 
1/2.4 0.368 1/10 0.371 
1/3.1 0.374 1/12.5 0.365 
1/4.5 0.367 1/17 0.366 
1/8.3 0.365 1/25 0.365 
1/50 0.364 
STO UAa NaS AES nine coeeeas he Oe Coens AMER eb es 7.024 
Maret ct aps Gok re hee Smee ee 0.3697 
Standandad eviati@ tiny eran eer near ee 0.0068 
Cociiicient Ohavaniationy see reneneen ci O 


The method was tested with various dilutions 
of serum, too, and Table IV gives extinc- 
tions read with serum dilutions from 1 to 50 
when the one ml used in the analysis con- 
tained a constant amount of bilirubin. The 
standard deviation of these 19 analyses was 


about 2 per cent of the mean. In a test 
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Table V. Variation in triple 


Bilirubin dissolved in serum as described 


in Fig. 1. 

a b Cc 
0.187 0.188 0.185 
0.189 0.189 9.188 
0.187 0.187 0.187 
0.193 0.191 0.194 
0.193 0.190 0.192 
Shisae esas on ous 2.840 
WiKi. B percteeaas aie 0.1893 
Standard deviation 0.0027 
Coefficient of 

Variation scr 14% 


with five sets of pipettes and three analyses 
with each set (a total of 15) the coefficient 
of variation was 1.4 per cent. Forty-three 
double analyses had a mean difference smal- 
ler than 1 per cent. 

The extinction quotient of pure bilirubin 
in serum was determined by dissolving bili- 
rubin (Hoffmann La Roche) in chloroform, 
reading the extinction at 450 mu with chloro- 
form as blank, evacuating rapidly in vacuum, 
dissolving the residue in 0.1 normal solution 
of sodium hydroxide, adding normal serum 
poor in bilirubin, neutralizating with 0.1 N 
hydrochloric acid and then performing the 
analyses as described above with a blank 
treated in the same way, but without bili- 
rubin. The millimolecular extinction quotient 
of bilirubin in chloroform has been deter- 
mined by a number of authors and their 
values vary only from 55 to 56 (Lemberg 
& Legge, 1948). Bilirubin has the molecular 
weight 584.6 and the concentration in mg 
per 100 ml of bilirubin is then given by the 
equation : 

584.6 Rere 8 


C= Seema io 


tL Phaze 
= k- Egoo 


J. FOG ° 
analyses 25 ye ee 
(a, b, c) with five sets of pipettes (1—5). 20 kes = 
; 
| 


FREQUENCY 


sy oe oo i im is 
O2 O04 06 O8°10 W2 WAGE h2 Om 
SERUMBILIRUBIN (mg A100 ml) 


Fig. 3. Serum bilirubin in normal persons. 
medical patients without injury to the liver or 
passages or hemolytic anemia. No sex or age 
ference was observed (redrawn from the val 
published by With, 1943). 


With three different sera, k was found to 
4.49 — 4.37 — 4.43 — 445 — 4.54 — , 
— 4.40 — 4.73 — 4.63 with 4.50 as a mea 
An icteric serum diluted with physiolog 
saline (10 dilutions) was read both with fl 
Zeiss Pulfrich photometer and the spectr 
photometer. The mean was found to be 4. 
which agrees within the error of analys 
with the values given above. 

With (1943) has published normal valu 
obtained with this technic employing t 
Zeiss Pulfrich photometer and Fig. 3 is re 
rawn with his values. They show a me 
about 0.65 mg per 100 ml and the chara 
teristic asymmetry with higher values whi 
is probably due to cases of constitution 
hyperbilirubinemia. 


SUMMARY 


Jendrassik & Grdéf’s method is reviews 
tested and modified for the spectrophot 
meter. The great advantages of this meth 
are emphasized and especially the great i 
crease in specificity obtained with the alk 
line pigment. 
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CORRECTED FOR TURBIDITY AND HEMOGLOBIN 
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(Received for publication January 6, 1958) 


The spectrophotometric determination of 
the yellow color of serum (icterus index) 
may be relied upon only if adequate attention 
is paid not only to the presence of hemoglobin 
but also to turbidity. Most authors therefore 
have used serum extracts (alcohol, chloro- 
form or acetone), but these give too low 
values because of the unknown amount of 
yellow pigment taken down with the protein 
precipitate. 

Heilmeyer & Wappler (1928) were the 
first to determine the yellow color of whole 
serum. They found that the errors caused by 
hemoglobin and turbidity were less with the 
blue than with the red and green filters. 
Davies & Sheard (1934), Boggs (1954) and 
Shinowara (1954) corrected for hemoglobin 
only and Fog (1949) described a method 
with the Zeiss Pulfrich photometer correcting 
for turbidity. It must, however, be empha- 
sized that the Shinowara-method, recently 
published and used by Svenneby (1956) dies 
not make reservation for estimations in tur- 
bid sera. Shinowara finds too, that bilirubin 
in plasma has its maximum absorption at 
450 my, while it is a well known fact con- 


* This investigation has been supported by grants 
from the Norwegian Research Council for Science 
and the Humanities. 


firmed by numerous authors (Lemberg 
Legge, 1948; With, 1954) that bilirubin 1 


serum has its maximum absorption at 46 


mp. The findings are explainable, howevet 
because turbidity tends to give higher extin 
tions with the shorter wavelengths (Fog 
1952) and therefore presumably may chant 
the maximum from 460 to 450 mu. Standare 
solutions with maximum absorption at 45 
myp are not comparable with human sera. 

The author (Fog, 1952) has published 
method for correcting for turbidity in spectra 
photometric analyses and with a precisior 
within the usual limits of accuracy of spectro: 
photometric technic. This method was fou 
ded on the observation that the absorptior 
curves of turbidities as they usually appeat 
in biological samples very closely follow ¢ 
straight line when plotted in logarithmic co 
ordinates. The method for spectrophotomet 
ric determination of icterus index describec 
here is based on this property and on th 
characteristics of the absorption curve 0 
oxyhemoglobin. 

Fig. 1 shows the absorption curves o 
oxyhemoglobin (B) and bilirubin in humat 
serum (A) plotted with logarithmic coordi 
nates. The oxyhemoglobin curve has its ty 
pical absorption maxima at 577 and 540 m, 
and the very high maximum at about 414 my 
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1 
| 
|, ler eer tat 4 
600 500 400 
WAVELENGTH tog.scale 
i : : 
2.80 2/0 2.60 


log. WAVELENGTH 


1. Absorption curves of oxyhemoglobin (B) 
bilirubin in serum (A). Both the ordinate and 
sbscissa are drawn on logarithmic scales. Red 
i corpuscles washed with physiologic saline 
-hemolysed by distilled water and read against 
r. Bilirubin (Hoffmann La Roche) was dis- 
-d in 0.5 per cent sodium carbonate solution and 
1al serum was added to convenient strength of 
vellow color and then read with the normal 
n, treated in the same way, but without bili- 
1, as a blank. The lines a and c illustrates the 
s of Eae0/Es90 with different oxyhemoglobin 
ions and b the mean line. All extinctions in 
article were read in a Beckman B photoelectric 
rophotometer in 10 mm thickness. 


raight line drawn between the extinctions 
at 590 and 460 my on the oxyhemo- 
in curve, crosses this curve at a third 
t at the wavelength 524 mp. With this 
m of coordinates (which may be con- 
ted as a monogram, as described below) 
oxyhemoglobin absorption curve is in- 


dependent of concentration, the socalled 
“typical absorption curve” and the crossing 
at 460 my of a line drawn through the ex- 
tinctions at 590 and 524 my will give the 
oxyhemoglobin extinction at 460 my quite 
independent of the presence of a greater or 
smaller amount of hemoglobin in the solu- 
tion. But extinctions read at 590 and 524 mu 
may be very small, especially in diluted sera, 
and a nomogram (constructed as the three 
vertical lines in Fig. 1) then gives very in- 
correct values (see below under Theoretical 
considerations). A “calculation trick” is then 
introduced by adding an arbitary “theoretical 
turbidity” to diminish the nomogram error. 
Example: 

Read extinctions 


Es00 = 0.082 Es24= 0.173 Esco = 0.843 
“Turbidity” added 
0.100 0.139 0.200 
Sum 0.182 Orsi, 1.043 
Correction factor read 
from the nomogram E4eo 0.560 


E corr = ().483 
460 


This procedure is used when E590 1s less 
than 0.100. The most convenient “turbidity” 
for this purpose was found by examining 15 
random sera which showed a ratio Es24/Es90 
varying between 1.10 and 1.66. With oxy- 
hemoglobin in alkaline solutions the same 
ratio varied ‘between 1.30 and 1.65. A ratio 
of 1.39 gives the following values from the 
nomogram : 

E599 = 0.100 Esea==0.139 Euaco = 0.200, 


used in the example given above. 


TESS ONS Mp wANCCWIRAGY. 
Bilirubin was dissolved in normal serum 
(see text to Fig. 1) and 6 dilution series with 
a total of 42 tests were read with the diluted 
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normal sera as blanks. The values obtained 
were treated as described in the example 
above and the ratios Es¢0/Eer were found to 
have a standard deviation between 1.9 and 
3.2 per cent of the mean (coefficient of 
variation). In two other series (a total of 44 
analyses) icteric serum was diluted with 
physiologic saline. The ratio conc./E ge" gave 
coefficients of variation 1.9 and 3.1 per cent. 

It is shown in Table I that none of the 
analyses deviates more than 4 per cent from 
the mean when different quantities of oxy- 
hemoglobin are added to normal turbid: se- 
rum. Table II shows this experiment re- 
peated with an icteric serum which gives a 
maximum deviation from the mean about 
+1 per cent. Table III shows an icteric 
serum diluted with physiologic saline (a) and 
distilled water (b) whereby the solution will 
be turbid because of the salting-in-effect pre- 
cipitating certain proteins. None of the sets 
of values in the two series differs more than 
3.5 per cent from their mean. 


Table I. Different amounts of oxyhemo- 
globin added to a constant volume of normal 
serum and made up to the same volume im 
all tests. The oxyhemoglobin solution was 
prepared as described in the text to Fig. 1. 


E590 | E524 | E460 | E460 | E 460. 
0.363 0.467 0.872 0.610 0.262 
0.391 0.489 0.898 0.630 0.268 
0.379 0.478 0.888 0.615 0.273 
0.366 0.473 0.889 0.625 0.264 
0.398 0.502 0.921 0.655 0.266 
0.375 0.485 0.913 0.645 0.268 
0.385 0.478 0.882 0.605 0.277 
0.392 0.485 0.888 0.610 0.278 
0.401 0.492 0.901 0.620 0.281 
().404 0.504 0.905 0.645 0.260 
0.418 0.522 0.933 0.670 0.263 
0.421 0.539 0.973 0.705 0.268 
Wiker hit Marans eta a ateh 6 Ge Bho POLO cca be 0.269 
Standard deviatioul eam ere mie 0.0068 
Goenicientol variation ean 2.5 %o 


Table Il. Different amounts of oxyhem 
globin added to a constant amount of icten 
serum and made up to the same volume. a 
oxyhemoglobin solution was prepared as d 


scribed in the text to Fig. 1. ; 
E590 E524 | E260 ; 
0.022 0.073 0.985 
0.040 0.098 1.022 
0.049 0.112 1.043 
0.060 0.129 1.061 
0.076 0.152 1.096 
0.086 0.169 1.120 
Neat 7s ctipsiee csc tone oiens hence ey ne ere 
Standandedevdatlonsce sre einen Tari 
G@octitctention vatiatton ssa eee 
Table III. Icteric serum diluted wi 


distilled water (a) and physiologic salt 
(b). The salting in effect gives turbidit 
when serum 1s diluted with distilled water 


| E590 | E524 | Eso E 460 
a 0.182 0.251 0.684 0.9 
b 0.046 0.084 0.478 0.31 
a 0.194 0.261 0.623 0.26 
b 0.038 0.069 0.386 0.26 
a 0.184 0.246 0.536 0.20 
b 0.030 0.052 0.296 0.20 
a 0.126 0.171 0.375 0.13 
b 0.020 0.036 0.198 0.13 
a 0.073 0.100 0.213 0.07 
b 0.012 0.019 0.104 0.07 


THEORETICAL CONSIDERATIONS 


If the extinction (E) and the wavelength (J 
both are plotted with logarithmic coordinates, 
straight line corresponds to the equation: log E = 
log k-+ y log X or E=k )y where k and y a1 
constants indicating respectively the position an 
the slope of the line. 

Serum containing both bilirubin (extinction EB 
hemoglobin (EH) and showing turbidity (ET) wi 
show the following extinctions E1, Ez and Es | 
the wavelengths 590, 524 and 460 mu respectivel 
Then 


a 


Be ee 
E,=E,+E, +E, 


B H ae 
E,= E, + E, +E, 


T 


B H 
E,= E,+E, +E, 


| 


1 


ICTERUS INDEX 


ui) 


| 
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able IV. Numbers obtained when an arbitary turbidity was added to extinctions 
obtained with bilirubin dissolved in serum to show the error introduced 
with the correction. 


Bilirubin in serum 


90 | E524 | E260 | E590 

022 0.150 2.000 | 0.122 
016 0.112 1.500 0.116 
011 0.075 1.000 0.111 
008 0.056 0.750 0.108 
005 0.037 0.500 0.105 
004 0.025 0.333 0.104 
002 0.015 0.200 0.102 
001 0.008 0.100 0.101 


Breuse the slope of the hemoglobin correction 
s chosen to approximate that of mean turbidity : 
Peon, 

eer, 

Es + ‘a 

-e EHT values are found on a straight line with 
coordinates given in Fig. 1 with a very small 
r which further decreases with a low hemo- 
in content of serum. 

/ith bilirubin as the third factor the theory 
mes very complicated because a straight line 
m through extinctions at 590 and 524 mu 
ined with serum bilirubin has a slope very dif- 
it from the slope chosen for hemoglobin. 

ut as a matter of fact the errors are found 
e astonishing small as shown by the figures 
n above and the numbers below calculated on 
tion of theoretical ‘turbidity’ extinctions to 
ictions of bilirubin obtained as the mean of 40 
with bilirubin dissolved in serum (cf. Fig. 1). 
1 serum bilirubin E4eo/Es24 = 13.3 and Easo/ 
= 94.4, There is an overcorrection with higher 
es which increases to about 6 per cent with 
= 2.000 while extinctions below 0.500 give 
t values. If the turbidity values added are 


led E4¢5' will be correct to about Esso = 1.000 


accuracy then decreases with lower values. 


CONSTRUCTION OF NOMOGRAM 


he best way to construct the nomogram is by 
use of a semilogarithmic papcr with a decade 


| Esa 


0.289 
0.251 
0.214 
0.195 
0.176 
0.164 
0.154 
0.147 


Bilirubin in serum + turbidity 


Easo | A E460 | E 460. E 460 | E460 
2.200 0.730 1.470 0.735 
1.700 0.585 LEAS 0.743 
1.200 0.440 0.760 0.760 
0.950 0.375 0.575 0.765 
0.700 0.310 0.390 0.780 
0.533 0.273 0.260 0.780 
0.400 0.245 0.155 0.775 
0.300 0.222 0.078 0.780 


on each 9—10 cin as ordinate and a cm scale as 
abscissa (cf. Fig. 1). The following values are 
traced out on the abscissa 2.78—2.77—2.76 ...2.66 
with one cm between each value. Lines are drawn 
parallel to the ordinate at log 590 = 2.7709 log 
524 = 2.7193 and log 460 = 2.6628. A line drawn 
between the values for Es90 and Es24 crosses the 
460-line to give the correction factor (A E460) which 


has to be subtracted from the Ego read in the 


photometer (E4@5°= Esso—AE«o0). 


SUMMARY 

A method is described which makes it pos- 
sible to correct both for turbidity and for 
hemoglobin when the maximum absorption 
of bilirubin in serum at E4eo is used as a 
measure of icterus index. The accuracy of the 
method is tested to be 1.9—3.2 per cent 
expressed as coefficient of variation. 
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It is generally accepted that the yellow 
lor of normal serum is caused by a number 


different pigments (Lemberg & Legge, 
49, With, 1954) while the color of icteric 
rum mainly is due to bilirubin. But also 
r icteric sera there exists a discrepancy be- 
seen the yellow color and the serum bili- 
bin as determined by coupling with dia- 
tised sulphanilic acid (Heilmeyer & Krebs, 
30; Muller & Engel, 1930; Heilmeyer & 
sop, 1932; Verzar, Sullmann & Vischer, 
34; With, 1945; Lups & Meyer, 1946; 
aps & Francke, 1947). Curiously enough 
uinowara (1954) and others have missed 
is disagreement between the serum color 
d the bilirubin concentration. 

The sources of error in determination of 
e serum color (icterus index) are turbidity 
lemonstrable as Tyndall-effect) and the 
esence of small amounts of hemoglobin 
ways present in serum, both giving too high 
ues. Several authors have tried to elimin- 
e these error by means of extraction (alco- 
1, chloroform or acetone) but unfortunately 
is gives too low values because unknown 
younts of yellow pigment are taken down 
th the protein precipitate. Davies & Sheard 


* This investigation has been supported by grants 
ym the Norwegian Research Council for Science 


d the Humanities. 


on 


(1934) and Shinowara (1954) have pub- 
lished methods eliminating the hemoglobin 
error, but neglecting the presence of turbidity 
and Fog (1949) a method which minimizes 
the turbidity error. Further, Fog (1958, a) 
showed that it is possible to determine the 
icterus index corrected for both hemoglobin 
and turbidity by means of a spectrophoto- 
meter. This is the only method taking both 
sources of error into account and it is used 
in the present investigation. 

Serum bilirubin may be found too low if 
the coupling between bilirubin and diazotized 
sulphanilic acid is incomplete (lack of ac- 
celerator) or if protein is precipitated taking 
down some of the azopigment. These diffi- 
culties are overcome by the technic of Jen- 
drassik & Grof (1938) lately reinvestigated 
by Fog (1958, b). In this method the very 
strong accelerator caffein-sodium-benzoate 
excludes lack of coupling, the protein pre- 
cipitate is avoided and the red compound is 
changed into a blue pigment by means of a 
strongly alkaline buffer. In this way the 
specificity of the method is greatly increased. 


EXPERIMENTAL 


Bilirubin (Hoffmann La Roche) was dissolved 
in a 5 per cent sodium carbonate solution and 
normal serum was added in excess to change the 
maximum absorption from 420 to 460 mu, the 
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Table I. The columns show the groups, number of analyses, the means of E 9" and 


Eaze, the regression coefficients (b) and the correlation coefficients (r) expressing 
the correlation between Eo. and he. 
Number Mean Mean 
Groups of E 220 b 
Tests 600 
I Bilirubin dissolved in serum. Total ........ 115 0.706 0.288 0.4654 d 
IAM ele diluted swithe seruni senccebs etek ees: 17, 0.851 0.375 ‘ 0.4827 0.97 
IB I diluted with physiologic saline .......... PE 0.568 0.235 0.4960 0.9 
IKE I with serumbilirubin below 1.05 mg_ per : 
OO tial SS, aoa erecta eae nee 50 0.401 0.148 0.3619 0.97. 
iat INOncjaumdiced™ patients... sacttc sceitees re 338 0.365 0.105 0.3153 0.83 
III Sera from jaundiced patients. Total ...... 185 0.856 0.266 0.3162 0.882 
IPA Selietin dilutediseras reese amor ixacion ae cues 104 0.873 0.271 0.3039 0.78 
IIIB III diluted with physiologic saline 
(ACtenICe Seta) et raat ake reece rae eie 81 0.836 0.260 0.3201 0.906 


maximum at 460 mw being typical for bilirubin 
dissolved in human serum (Lemberg & Legge, 
1949; With, 1954). 

To the bilirubin serum solution an amount of 
hydrochloric acid equivalent to the sodium carbon- 
ate was added and the carbon dioxide evacuated 
by the water-jet-pump. A blank was treated in the 
same way, omitting the bilirubin. The samples were 
diluted either with normal serum or with physio- 
logic saline and were read against their blanks both 
in determining the icterus index (Fog 1958,a) and 
the bilirubin (Jendrassik & Grdf, 1938, modified 
by Fog, 1958, b). The diazoreagent was added both 
to the test and to the blank omitting a reagent 
blank. 

Each test (115 altogether from 32 sets of stock 
solutions) then gave one extinction for the icterus 


index (E4g’) and one for the serum bilirubin 


ee (group I). Tests with serum dilution (group 
TA and III A) and tests with dilution with physio- 
logic saline (group IB & JIIB) were compared, 
1.@. a covariance analysis was carried out, and no 
significant difference found either between 
means or regression coefficients (Table II). The 


whole of group I 


Was 


was taken as a sample of 
“normal values” (serum containing bilirubin only). 
Fifty-five of these tests showed values below the 
limit of normal serum bilirubin, 1.05 mg bilirubin 


per 100 ml, 7.e. corresponding to an extinction 


E 600 2t about 0.235 with 10 mm cell, and were 


EXTINCTION 
6 
Y Wie ae 
° 
e 
ae 


called group IC. It should be noted that the cor- 


relation lines between E49 and Eo actually are 


slightly curved, but in the present investigation they 
are assumed to be straight lines. 

Samples of blood were drawn from the patients 
before breakfast by puncturing the cubital vein as 
in the general routine of the hospital. The scampi 
were stored at room temperature for 3—6 hours” 
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Fig. 1. Three cases of acute hepatitis (E.N., A. J. 
W.R.) with decreasing serumcolor. Serumcolor is 


indicated by @@e@ as the extinction E{@)° and 


serumbilirubin by ooo as the extinction Egy. A 

serumcolor of about 10 units Meulengracht is in- 

dicated by a, and 8 units by b. The limit of normal 
serumbilirubin (1.05 mg per 100 ml) is 


indicated by c. 


ble II. The correlated groups are given 
the first column, the evidence of their 
ming from different populations in the last 
umn where ad. 
bociation between the adjusted means and 
| measures the statistical association be- 
ween the regression coefficients. The evi- 
nce of the groups coming from different 
ipulations as great as or greater than one 
1000 is indicated by ***, one in 100 by **, 
“e in 100 by * and two in 10 no indicator. 


measures the statistical 


eis |e 
: hee Bs = 2 Variance ratio 
is ant on oO 507 3 
3 a 1 Zim wader 1624/27, 60) 
b 36 1661 
3 c 1 DIZ ee 1661292 "5.7 
d S/eeeloz4 
mA a if 105 ad. 5671/105 = 54 
joy aKa 5693 
BE \c 1 1594 be. 5693/1594 = 3.7 
Gl As 5671 
5 a 1 46990 ad. 46990/678 = 69*** 
b 389 677 
c 1 1698 bes 1693/67 — 2/5 
dae o90 678 
a 1 401727 ad. 401727/4606 = 87*** 
Day 296 3839 
f c i 23a te, ZRVALUY SI) = (ol) 2% 
Gl ARY/ 4606 
a 1 270130 ad. 270130/4628 = 58*** 
b 192 — 3601 | 
ABS Xe 1 201862 be. 201862/3601 = 56*** 
dy 193 4628 


fore the serum was separated. The tests were 
ranged in two groups. The first (group II) in- 
ided all who had not showed icterus during 
sir stay at hospital, while the second (group III) 
luded all who had exhibited bilirubin values 
ove 1.05 mg per 100 ml once during their hospi- 
ization. Because of the high serum bilirubin in 
pup III, a great number of analyses were per- 
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formed with serum diluted one to ten with physio- 
logic saline. To ensure that no significant difference 
existed between undiluted (III A) and diluted 
(IIIB) sera, they were subjected to analyses of 
covariance (Table II) and no difference could be 
detected either between the means or the regression 
coefficients. They were consequently handled as a 
single group (III). The reason why all patients who 
had once during hospitalization suffered from 
hyperbilirubinemia were grouped together, is seen 
from Fig. 1 which is in agreement with the results 
obtained by several other authors (Kerppola, 1936; 
With, 1945; Lups & Francke, 1947) and shows that 
serum bilirubin, when decreasing, may reach the 
normal level even weeks before the icterus index. 


The visible representation of the measure- 
ments given in Figs. 2 and 3 indicates, as 
confirmed by the analyses of covariance 
(Table Il), that a difference exists between 
the means obtained from groups II and III 
relative to that of groups IC and I re- 
spectively. 

This divergence must be due either to the 
presence of pigments which do not (or only 
incompletely) react with diazotized sulphani- 
lic acid or to technical errors. As the “nor- 
mals” and the tests were treated identically, 
it is unlikely that the correction technic 
should be responsible for the discrepancy be- 
tween serum color and serum bilirubin. That 
the azobilirubin extinctions should be too low 
relative to the normals is also unreasonable 
as the same technic has been used with both 
groups. Only the presence of a substance re- 
tarding the coupling solely in icteric serum 
could explain such a discrepancy, but there 
is today no evidence for such a substance. 

Dilution errors are out of the question as 
determinations of serum color and serum 
bilirubin always were performed in the same 
diluted 
source of error is, however, oxidation of the 


or undiluted sample. A_ possible 
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Fig. 2. Sera from patients who have not complained 

from icterus during hospitalization (+++) and 


bilirubin dissolved in normal sera (@ @ @). Ordinate 


E460 and abscissa Efo9 both with 
logarithmic scales. 
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Fig. 3. Sera from patients who have been jaundiced 

during or just before hospitalization (+++) and 

bilirubin dissolved in normal sera (@ @ @ )- Ordinate 
azo 


E460 and abscissa Eo both with 
logarithmic scales. 


bilirubin, as five to six hours have elapsed 
from the time the blood was drawn to the 
time when the analyses were performed. If 
some of the serum bilirubin is transformed 
to bilrverdin during this period, the extinction 


at 460 my will show a slight decrease, but 
this will be followed by a decrease also in the 
coupling capacity with the diazoreagent as 
biliverdin does not couple. To exclude this 
possible error, extinctions were determined 


both at 620 mu and 590 mp and Esz0 never 
exceeded E599 as with biliverdin. Several 
sera were treated with sodium hypersulfite 
(Na2S204) whereby biliverdin is reduced to 
bilirubin with an increase of Ego, but this 
extinction usually decreased, presumably be= 
cause traces of oxyhemoglobin are reduced 
to hemoglobin. The presence of biliverdin in 
amounts which can explain the serum color 
bilirubin divergence is then unlikely. 
Consequently there is a great gap between 
the intensity of yellow color and the bilirubin 
content both in normal and icteric sera. 
| 

DISCUSSION | 

That normal sera contain several yellow 
pigments in addition to bilirubin is quite 
reasonable, but in icteric sera the difference 
is so great that yellow pigments different 
from bilirubin (Hoffmann La Roche) must 
accumulate in the body in jaundice. To get 
an idea of the magnitude of these unknown 
factors E cer for the yellow non-bilirubin was 
calculated according to the regression lines 
with E270 0.275 which is the mean for 
groups I and III taken as a whole. The 
E en’ values are then calculated to 0.677 and 
0.883 respectively with a difference of 
0.206 — corresponding to the yellow non- 
bilirubin being equal to about 30 per cent of 
the total yellow color. With a serum of for 
200 (Meulengracht units) this 
makes up for about 60, which is really a very 
high serum color in itself. The difference 
between the regression coefficients obtained 


example 
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the normal and the icteric sera (group 
nd IIL) could be due to inhomogeniety of 
up Ill. But when group I is compared 
h group III B which contains only icteric 
a, the regression coefficients are still 
uificantly different. This also speaks 
inst a systematic error and indicates that 
) yellow non-bilirubin pigments accumulate 
ependently of, but together with bilirubin 
i, as indicated in Fig. 1, “non-bilirubins” 
m to be eliminated more slowly than 
rubin. 
Chere is no significant difference in nor- 
1 sera concerning the regression coeffi- 
ats, indicating that the fluctuations in the 
‘mal serum color probably are due to 
tubin, except of course in strict vege- 
fans who occasionally may accumulate 
otinoids even to the degree of pseudi- 
srus. Bilirubin seems to be the dominant 
ment even in normal sera comprising an 
srage of about 70 per cent of the serum 
ors. 
This investigation shows that the results 
ained by With (1945) were correct and 
mot be explained as caused by hemoglobin 
liller, 1932; Lups & Francke, 1947) and 
also confirms the conclusions drawn by 
jlmeyer & Krebs (1930), Muller & 
wel (1930), Heilmeyer & Toop (1932), 
tzar et al. (1934), Lups & Meyer (1946) 
1 Del Bono (1949). 
[he results obtained by Shinowara (1954), 
10 used a spectrophotometer and found 
cellent correlation with icteric samples and 
»00r correlation with non-icteric samples, 
» not confirmed. This is probably due to 
overcorrection with Shinowara’s method 
cause turbidity will give a false and too 
rh correction factor for hemoglobin with 


this method. Svenneby (1956) confirmed 
Shinowara’s results obtained with Shinowa- 
ra’s original technic. Peter (1933), Kerppola 
(1936), and Schwenkenbecher (1939) mis- 
sed the discrepancy between serum color and 
the amount of bilirubin, but this 1s umques- 
tionably due to inadequate technic. 


SUMMARY 


The yellow color of serum was determined 
with a spectrophotometer and a method was 
used which eliminates errors due to both 
hemoglobin and turbidity. The serum bili- 
rubin was determined as alkaline azobilirubin. 
The correlation between serum color and 
azobilirubin was determined with normal 
sera (II), icteric sera (III) and bilirubin 
dissolved in normal sera (1). The two first 
groups were compared with the last group 
by means of covariance analysis. The fluctua- 
tions in the color of normal serum were found 
meinly to be due to varying amounts of bi- 
lirubin, which is the dominating yellow pig- 
ment of normal serum. Icteric sera contained 
greater amounts of yellow non-bilirubin pig- 
ments and these substances were shown to be 
eliminated more slowly than bilirubin. 
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The use of the Congo red test for amy- 
dosis has called for a more thorough study 
the nature of the Congo red binding to 
2 serum proteins. The Bennhold Congo 
1 test for amyloidosis (1923) measures 
* proportion of this dye which is retained 
the plasma one hour after its intravenous 
rection. The validity of this test has often 
en the subject of intense discussion. Re- 
atly this problem has been taken up in a 
per by Dixon, Ramcharan & Ropes (1955) 
10 found that the retention of Congo red 
rheumatoid arthritis was decreased, in- 
eating a tendency of the Congo red test 
‘become positive in this disease. Another 
ygo red test for amyloidosis, the intra- 
taneous Congo red test used to demon- 
‘ate amyloid in the skin, as shown by 
ine (1956), also tends toward the positive 
rheumatoid arthritis. This test demon- 
‘ates a prokonged persistence of intra- 
taneously injected Congo red in the skin 
patients with rheumatoid arthritis. 
In vitro studies of the affinity of serum 
r Congo red by Larsen (1958) showed that 
2 potency of binding Congo red is lowered 
sera from patients with rheumatoid ar- 


* The investigation was supported by grants 
m The Danish League Against Rheumatism. 


thritis. Concurrently, determinations of the 
serum glycoproteins were carried out and an 
inverse proportionality between the Congo 
red binding to serum and the content of 
glycoproteins was noted. 

The present investigation was undertaken 
in order to determine if it is reasonable to 
assume that the dye binding to serum is de- 
pendent on the presence of polysaccharide 
anions which could compete with the dye on 
the binding sites of the serum proteins. A 
competition of polysaccharide anions with 
anionic dyes for serum albumin is suggested 
by Klotz (1953), and Karuch (1951) has 
observed that several organic anions act com- 
petitively in the binding of dye anion to 
albumin. 

Since Congo red does not penetrate semi- 
permeable membranes, equilibrium dialysis 
cannot be used in the present study. The 
method devised in it is based on a partition 
analysis system. Cellulose powder, which has 
a great affinity for Congo red, was loaded 
with Congo red. Upon shaking this Congo 
red-loaded cellulose powder with a buffered 
serum solution, Congo red was taken up by 
the serum proteins. 


Bou: 
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EXPERIMENTAL 


Materials 

The sera used in the present study are, 1) a nor- 
mal serum pool consisting of 10 normal sera,! 
2) a pool of rheumatic sera consisting of 37 sera 
from patients with manifest rheumatoid arthritis.? 

Crystalline human serum albumin, gamma _ glo- 
bulin and a globulin fraction containing: album/n 
+alphai-globulin 6.6 per cent, alphag-globulin 65.1 
per cent, betai-+-betaz-globulin 18.1 per cent, and 
gamma-globulin 10.2 per cent? were used as 5 per 
cent solutions in m/100 phosphate buffer pH 7.4. 

The Congo red, (Grubler & Co.) exhibited a 
molar extinction coefficient in phosphate buffer 
(m/100 pH 7.4) of «= 23100 at A max 495 my, and 
in butter/serum (l= 100) of 2=225550Nat max 
505 mu. 

Toluidine blue (Riedel de Haen) exhibited 
é= 29600 at \ max 635 my in phosphate buffer 
m/100 pH 7.4 measured at a concentration of 
0.73 - 10-5 M. 

Competing agents. Sodium salicylate, sodium 
dodecylsulfate and the sodium salt of 3,5-dioxo- 
1,2-diphenyl-4n-butylpyrazoline, Butazolidin,4 were 
used in final concentrations varying from n=10—? 
to n=10—?. Sodium chloride was used in the same 
concentrations. Dextransulfate, sodium salt, (Dex- 
tran LTD. Aycliffe, Darlington, England) in final 
concentrations of 0.2 to 2.0 mg/ml and heparin, 
sodium salt,> were used in final concentrations of 
from 0.2 to 2.0 mg/ml. 


Methods 
Preparation of cellulose-Congo red suspension. 
50 g cellulose powder (Schleicher & Schill No. 123, 
for chromatography) is suspended in 200 ml of a 
0.5 per cent Congo red solution in water. After 
stirring for two hours the suspension is filtered 


1 Kindly furnished by the Blood Bank, Univer- 
sity Hospital of Copenhagen. 

2 The author thanks Dr. J. Kryger, Copenhagen 
County Hospital, for collection of these sera. 

3 Provided through the courtesy of State Serum 
Institute, Copenhagen. 

4 Kindly supphed by J. R. Geigy, AG. Basel. 

5 Kindly furnished by Leo Pharmaceutical Pro- 


ducts, Copenhagen. 
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and washed with water until the filtrate is color- 


less. The washed powder is then suspended in 


n 
— phosphate pH 7.4. 9 
0 I Dp Dp 


Partition analysis. The Congo red is diluted 1:5 
with water. From this diluted suspension 5 ml are 
taken with a Krogh syringe while stirring, and to 
these 5 ml are added 50 wl serum with a micro- 
pipette. 10—100 wl of the competing agents were 
added in buffered solutions, giving the final con- 
centrations as mentioned above. The test tubes with 
Congo red suspension and serum are shaken together 
with a blank, for one hour at room temperature 
at a frequency of 150 cycles per minute. After 
centrifugation the supernatant is read against a 
blank in a Beckmann B. Spectrophotometer at 
505 mu, all in duplicate. The extinction of the 
blank, Congo red without serum added, should not 
exceed 0.030 extinction units. None of the com- 
peting agents exhibited extinction readings different 
from the blank. 

The same method was used in determinations of 
the binding of toluidine blue to serum. The toluidine 
blue in the supernatant after shaking serum solu- 
tions with toluidine blue-loaded cellulose was read 
at 635 mu within one hour. Standing at room tem- 
perature for longer periods results in a decoloration 
due to reduction of the dye by the serum. 

RESULTS , 

In Fig. 1 is shown the result of plotting 
log. [serum] against log. e« at 505 my, which 
is the extinction of the Congo red taken up 
by the serum. Within the concentration range) 
used in the experiments, the dye uptake is 
considered to obey the Freundlich adsorption 
law. It is noted that the norntal serum has a 
greater binding affinity for Congo red than 
serum from patients with rheumatoid ar- 
thritis. When toluidine blue is used as shown 
in Fig. 2, where log. [serum] is plotted 
against log. e at 635 mu which is the extine- 
tion of toluidine blue, an increase in binding 
affinity to rheumatoid serum is noted, com- 


pared to normal serum. 


[SERUM] 9 /mI 


1. Congo red uptake of normal serum o—o 


‘serum from patients with rhermato‘d arthritis 
~@© Spectrophotometrically determined after 
ing serum dilutions in phosphate m/100, pH 7.4 


with Congo red-loaded cellulose powder. 


a5 10 20 40 80 
[SERUM] "9fni. 


2. Uptake of toluidine blue by normal serum 
_and by serum from patients with rheumatoid 
citis O©— ©-Spectrophotometrically determined 
- shaking serum dilutions in phosphate m/100, 
74 with toluidine blue-loaded cellulose powder. 


ddition of different organic anions to 
nal serum results in a decline in binding 
icity of Congo red to the serum, as shown 
ig. 3 and Fig. 4. Sodium chloride did not 
bit any suppression of the Congo red 
ling, as shown in Tig. 3. A summary of 
»ffect of the organic anions on the Congo 
uptake by serum is shown in Table I, 
onstrating that dodecylsulfate is the 
ngest competing agent among the com- 
ids investigated in the present study. In 
entrations tea times that of dodecyl- 
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[COMPETING ANION] 


Fig. 3. Inhibition of Congo red uptake by normal 


serum due to presence of: Dodecylsulfate © —® 
Butazolidin @ —® Salicylate O-0: 
and NaCl c—o. 
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Fig. 4. Inhibition of Congo red uptake by normal 
serum due to presence of: Dextran sulfate O— ©. 


and Heparin o—o. 


Table I. Concentrations of added anions* 
capable of lowering the Congo red binding 


to serum 10 per cent. 


Dodecylsulfate .......... 0.23 - 10-3 
BulaZolidir a ee as OK 
Salicylatceeey eee eee Zi 9 NOF8 
Dextramsultcatcner eee 0.8 mg/ml 
Lieparinemer er ece 1.3 mg/ml 


* Sodium salts. 


sulfate butazolidine and_ salicylate exhibit 
similar depressions of the binding potency of 


Congo red in the serum. The anionic concen- 


trations of heparin and dextran sulfate were 
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Fig. 5. Congo red uptake by a globulin fraction 
containing 65 per cent alphaz-globulin o—o. Dif- 
ferent amounts of the alphaz-globulin fraction added 
to human serum albumin at a constant concentration 
of 0.313 mg/ml, @— © .Alphaz-globulin added to 
normal serum at a constant concentration of 0.438 
‘mg/ml, @—®. Congo red uptake by gamma 
globulin ~—@ 

not determined, and the concentration for 
significant competitive action of these com- 
pounds is therefore given in mg/ml. 

An experiment was carried out to deter- 
mine whether there might be interactions 
among the serum protein fractions. Crystal- 
line human serum albumin and an alphae- 
globulin fraction both showed ability to take 
up Congo red, Fig. 5. In a concentration of 
0.313 mg/ml, serum albumin exhibited the 
same Congo red uptake as did the alphas- 
globulin fraction at 0.690 mg/ml. 

Gamma globulin did not bind Congo red 
to any considerable extent. Different amounts 
of the alphae-globulin fraction were added 
to albumin at a constant concentration of 
0.313 mg/ml, and to normal serum at a con- 
stant concentration of 0.438 mg/ml. The dye 
uptake is shown in Fig. 5, where the initial 
points of the curves for the Congo red up- 
take by alphag-globulin+albumin and alphag- 


globulint+serum are transferred to the po 
of the alphaz-globulin curve having the sa 
ordinate. This makes comparison of the 
sults easier. The curves show that the dy 
binding capacities for serum albumin at 
the alphag-globulin fraction are additiv 
whereas the sum of the dye-binding affinit 

of serum and the alphag-globulin ae 


greater than the binding capacity of a 
ture of these two components. 


DISCUSSION 
Complex formation between serum 
bumin and organic anions has been internal 
studied by Klotz (1946), and Karuch (1951 
Serum albumin has an outstanding ability 
form complexes with many combi 
among which the organic anions are mo 
reactive. The alphag-globulin fraction e 
hibited less affinity for Congo red than d 
albumin, but in the case of elevated alph 
globulin in the serum, this fraction may al 
be responsible for the Congo red uptal 
(Bennhold, Ott & Wieh, 1950). The obse 
vation that serum, to which the alpha 
globulin fraction is added, shows lower bin 
ing capacity for Congo red than expected 
the binding capacities of serum and #4 
alphaz-globulin were additive, suggests 
competition between anions from glye 
proteins in the alphaz-globulin and d 
anions. A similar competition could be a 
sumed to occur in the albumin+alpha 
globulin mixture, where a binding of pol 
saccharide anions to albumin might ta! 
place. In the present experiments such an i 
hibition of Congo red uptake by albumin 
combination with the alphaz-globulin fracti 
was not demonstrable. 
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“he competing agents studied exhibited 
ferent abilities to block the cationic bind- 
‘sites on the serum proteins. 0.1 M sodium 
pride combines with serum albumin, as 
wn by Karuch (1950). In the present 
Hy no competition was noted with sodium 
bride in concentrations up to 0.01 M. The 


at affinity of dodecylsulfate for serum 
umin was noted by Klotz (1946). Buta- 
din is found in the serum entirely as an 
pn, as pointed out by Pulver & Herr- 
mn (1956), who also found that buta- 
‘din is demonstrable in the enol form in 
um. Wunderly (1956) showed that buta- 
idin, although it is an organic anion, is 
md to the alphaz-globulin. Heparin and 
<tran sulfate, as well as the low molecular 
anic anions, may combine with the serum 
teins. Naguchi(1956) has recently demon- 
ited that anionic polymers combine with 
tein to form soluble complexes even on 
alkaline side of the I.E.P., and has shown 
t serum albumin has roughly equal affini- 
- for both anionic —COO7 and —SO73 
ups of polyelectrolytes. 

n the pool of rheumatic sera a decreased 
ding of Congo red was noted. The lowe- 
serum albumin, which is characteristic of 
1 from patients with rheumatoid arthritis, 
y influence the binding affinity of the 
1 for Congo red (Rawson, 1943). Block- 
of the binding sites for Congo red to the 
1m proteins by protein-bound lipids can, 
ording to Bennhold & Ott (1952), take 
‘e in cases with increased lipids in alpha- 
beta globulin. In the present study is 
gested that increased concentration of 
ysaccharide anions may also block the 
ling sites for Congo red. This suggestion 


is supported by the demonstration of in- 
creased ability of the serum from patients 
with rheumatoid arthritis to bind toluidine 
blue, which indicates that rheumatoid serum 
contains more anionic binding sites than 
normal serum. 


SUMMARY 


The binding of Congo red and toluidine 
blue to normal serum and to serum from 
patients with manifest rheumatoid arthritis 
was studied by means of partition analysis 
by the uptake of dye from a suspension of 
dye-bound cellulose. 

Serum from patients with rheumatoid ar- 
thritis showed decreased affinity for Congo 
red and increased affinity for toluidine blue 
compared to normal serum. 

The binding of Congo red to normal serum 
is competitively blocked by the sodium salts 
of dodecylsulfate, butazolidin, 
dextran sulfate and heparin. 

An alphag-globulin fraction from human 
serum containing 65 per cent alphaz-globulin 
exhibited a binding potency of about one- 
third that of albumin. In combination with 
albumin, the binding capacity of alphaez- 
globulin is additive to the binding capacity 
of albumin. With serum the total binding 
capacity of serum-+alphag-globulin was less 
than the sum of the binding capacities of the 
individual components. 

On the basis of these observations it js 
suggested that the decreased affinity of 
serum for Congo red seen in serum with 


salicylate, 


high glycoprotein content is partly due to an 
increase in total amounts of acid groups able 
to compete with the dye. 
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he blood flow through an organ may be 
rmined according to the Fick principle 
70), if the concentration of a substance 
irring in the blood is altered by passing 
ugh this organ. The blood flow per min- 
may be calculated, from the quantity of 
substance metabolized per minute and 
difference in concentration between af- 
nt and efferent blood, as follows: 
id flow per minute = 

quantity metabolized per minute 

change in concentration 

.ecording to this principle, methods for 
“mining the hepatic blood flow have 
2 devised using bromsulphalein (Bradley, 
lefinger, Bradley & Curry, 1945), the en- 
enous urea synthesis (Myers, 1947), and 
ictose (Tybjerg Hansen, Tygstrup & 
akler, 1954). 
‘hese methods, however, have required 
atic vein catheterization in order to obtain 
ples of efferent blood. 
Jumerous investigations appear to con- 
1 the assumption that the oxidation of 
nol to acetaldehyde takes place largely, 
gaps exclusively, in the (Elbel 
Schleyer, 1956). Consequently, ethanol 
uld be well-suited for determining the 
atic blood flow on the basis of the Fick 


liver 


principle, but no such experiments appear 
to have been published. 

This paper describes attempts at determin- 
ing the hepatic blood flow by means of 
ethanol. 


METHOD 


The experiments were carried out partly on 
patients, without demonstrable hepatic disease, ad- 
mitted to the Surgical Department and partly on 
apparently healthy subjects (medical students). 

The experiments were started in the morning 
with the subjects in the post-absorbtive state. 

A solution of 60 g ethanol in 1000 ml isotonic 
sodium chloride was given intravenously. 

During the entire procedure, the subjects were 
lying at rest. At regular intervals, 3 ml of blood 
was removed from an arm vein into a test tube 
containing 2 drops of heparin. 

Ethanol was determined enzymatically on whole 
blood using alcohol dehydrogenase (Dotzhauer, 
Redetzki, Johannsmeier & Bticher, 1952). The stan- 
dard deviation is 1.2 per cent. 

Oxidation curves were drawn, plotting mg of 
ethanol in 100 ml of blood against time in minutes. 


IRI SWOME ITS 


A typical oxidation curve is shown in 
Pigeel, 

After an initial rise, the descending limb 
of the curve may be divided into three parts. 

The steep decline of the first part of the 
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Fig. 1. Oxidation curve following i.v. infusion of 
20.33 g ethanol in 10 min.c, = 57.5 mg. ¢44—c,2 = 
31.5—18.5 mg (ty = 120 min. to = 180 min.). 
Woman, aged 21, body weight 59 kg. 


curve is explained by the oxidation of ethanol 
and its distribution in that part of the orga- 
nism which is able to dissolve ethanol. 

The second part shows the well-known 
rectilinear fall which is generally interpreted 
as evidence that the oxidation is constant per 
unit of time, independent of the concentration. 

The third part begins 4 hours after the 
infusion has been discontinued and is charac- 
terized by a marked flattening of the curve, 
probably meaning that the liver is being supp- 
lied with less ethanol than it can oxidize. 

In the calculations, no regard was paid to 
the relatively small quantities of ethanol ex- 
creted with the urine and respiratory air. 

Extrapolation of the rectilinear part of the 
curve to the ordinate indicates the concentra- 
tion (c,), which would have been achieved 
if the amount administered had been distri- 
buted instantaneously in the body fluid. 

The fall per minute in the concentration 
expressed in mg per 100 ml blood, may be 
read from the rectilinear part of the curve, 
expressed as: 

Giles 
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The quantity of ethanol in mg oxidiz 
per minute is obtained by multiplying 
amount of ethanol administered with th 
quantity C,i—C,2 
co X (t2 — tt) ; 
In the example given in Fig. 1 the quantit 
of ethanol oxidized is: : 

20330 * (31.5—18.5) . 

575 Oem : 

From the curve in Fig. 1 it may be cal 
culated that the deviation from the rectiline: 
course occurs at an ethanol level of 4.8 
100 ml blood, 7. e. 48 mg ethanol per litre ¢ 
blood. This is the minimum concentration a 
which a constant oxidation can be maintainec 
At a constant rate of oxidation, 77 m: 
ethanol is oxidized per minute. If the a 
is to be supplied with this quantity, the bloo 
flow has to be 1.60 litre per minute (77 : 48) 

Thus, the hepatic blood: flow in litres pe 
minute may be calculated from an oxidatio: 


= 77 mg/min. ; 


™ 
. 
3 


curve as follows (I): 
oxidized ethanol in mg/min. 
mg ethanol/litre blood at the point of — 
deviation from the rectilinear course. — 


The hepatic blood flow may, however, b 
determined more rapidly and, presumably 
more accurately, as follows: 

A quantity of ethanol is infused in orde 
to obtain a blood level lower than that a 
which the curve flattens out. Ethanol is the 
infused at a rate which gives a quantity pe 
minute smaller than the amount oxidize 
per minute at blood levels corresponding t 
the rectilinear part of the oxidation curve. 

If the rate of infusion is kept constani 
the curve will be horizontal, provided the 
the hepatic blood flow is constant. Alteration 
in hepatic blood flow will appear as altere 
tions in the blood levels. 


he concentration at which the curve be- 
es horizontal is proportional to the quan- 
of ethanol infused per minute and to the 
itic blood flow. Accordingly, the blood 
through the liver per minute may be 
lated as follows (II): 


inistered quantity of ethanol in mg/min. 
| ethanol in blood in mg/litre 

ig. 2 shows an example of this latter 
aod of calculation (same subject as in 
ie). 


fter infusion of 1.56 g ethanol in 5 min- 
. 57 mg ethanol per minute is administe- 
for 2 hours. At a concentration of 3.4 
100 ml blood, the curve becomes hori- 
al. The hepatic blood flow per minute 
ng the experimental period is then 1.68 
» (57: 34) (cf. 1.60 litre when calculated 
arding to formula I). 


DISCUSSION 


xperiments which aim at confirming the 
racy and applicability of these methods 
in progress and will be published later. 
he methods possess the immediate ad- 
tage of not requiring hepatic vein cathe- 
zation which involves a fairly great un- 
ainty, the results depending to a great 
nt on the position of the catheter tip in 
liver. Besides, the catheterization makes 
determination more cumbersome and may 
se the patient inconvenience. 

the present methods prove applicable, 
technique is so simple that the determina- 
of hepatic blood flow may be carried out 
iny laboratory where a suitable photo- 
er is available. 
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Fig. 2. Oxidation curve following continuous i. v. 
infusion of 57 mg ethanol per min. Initial infusion 
of 1.56 g¢ ethanol in 5 min. Same subject 
as in Fig. 1. 


It has previously been demonstrated that 
ethanol concentrations like those used in the 
present methods increase the hepatic blood 
flow (Mendeloff, 1954; Winkler, 1957). This 
need not, however, exclude the use of ethanol 
for determining the hepatic blood flow, as 
perhaps it affords a means of diagnosing im- 
paired function. 

Incidentally, ethanol in these determina- 
tions may be replaced by galactose, as the 
oxidation curves ot these two substances dis- 
play similar features (Tygstrup & Winkler, 
1954). This procedure is now being tested. 


SUMMARY 
This is a preliminary report of two me- 
thods, not previously published, for determin- 
ing the hepatic blood flow by means of etha- 
nol, without using hepatic vein cathete- 
rization. 
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de mee ie da 


Determination of the arterial pOz and 
‘Oz are made by a modification of Krogh’s 
bble method (1908). Principally, the de- 
‘mination is carried out in two steps: 
The equilibration of an air bubble with 
= gases in the arterial blood, and 2) the 
alysis of the equilibrated bubble. Krogh 
rformed the first step in his microtono- 
ter in a flowing stream of blood. This pro- 
dure is, however, not possible when only 
limited amount of drawn arterial blood is 
ailable. After some trials the following 
sthod which combines features of Krogh’s 
sthod with details from Riley’s (1945) and 
unbertsen’s (1952) was adopted : 


Description of the method. 


Arterial blood is transferred anaerobically to a 
nl all-glass syringe. The dead space of the syringe 
itains a drop of mercury for stirring and the 
inger is slightly greased with paraffin oil to 
sid sticking. About 1 ml of blood is first drawn 
through a transfer tube and expelled again with 
from the transfer tube. Then 3 ml of unconta- 
nated blood are sucked up and the syringe is 
ed with a transparent “cannula”, made of plexi- 
ss and a piece of polyethylene tubing. In a 
erculin syringe, the tip of which has been molten 
to a graduated glass capillary ending in a fine 
(e.g. a Scholander-Roughton pipette drawn out 
a fine tip) a gas bubble of about 5 mm? is meas- 
1 between columns of 0.9 per cent NaCl solution 
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equilibrated at the same gas tension as expected in 
the blood. Connection is now made between the 
plastic cannula and the tip of the graduated capil- 
lary, and the air bubble is pushed into the arterial 
blood in the glass syringe (Fig. 1). A few drops 
of blood are spilled out through the cannula, which 
is sealed by means of a short piece of copper wire. 

The glass syringe, containing about 3 ml of 
arterial blood, an air bubble of about 5 mm? and 
a small drop of mercury for mixing, is then rotated 
mechanically at a regulated room temperature of 
about 37° C for 10—15 minutes. 

The analysis of the bubble is performed in an 
apparatus as shown in Fig. 2. It consists — as 
Krogh’s original apparatus, — of a glass capillary 
of 0.25 mm bore. One end of the capillary is bent 
at a right angle and smoothly widened to form a 
small cup. The other end is fitted with a water- 
filled chamber, into which a screw projects. The 
capillary is divided in 100 equal parts and by inter- 
polation can be read to 1/10 of a part. The measuring 
capillary is surrounded by a water jacket and 
mounted horizontally in such a way that it can be 
rotated around a longitudinal axis so that the cup 


blood 


NaC!-solution 


gloss syringe ‘9 plostic conmula” Seholander -Roughtan pipette 


j= : 


0.25 mm copitlory chormber 


| : Screw of 
woter socket lucite stoinless steel 


cup 


Fig. 1. (top) Transfer of air bubble from pipette 
to syringe. 


Fig. 2. (below) Micro gas analyzer. 
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can be turned upwards when fluids are added, down- 
wards when the air bubble is handled. The transfer 
of the bubble to the analyzer and the analysis of 
its composition is carried out at a room temperature 
of about 37° C. 

The transfer of the air bubble from the equilibra- 
tion syringe to the analyzer is carried out as fol- 
lows: The cup of the analyzer is filled with water 
equilibrated with air at O2z—and COz—tensions 
approximately equal to those expected in the blood, 
and part of this water is sucked into the measuring 
capillary by means of the screw. The remainder of 
the water in the cup is then sucked off, and the cup 
is filled with blood from the syringe after flushing 
of the cannula with a few drops. The analyzer is 
now turned 180 degrees so that the cup points down. 
The equilibration syringe is held vertically with 
the cannula upwards so that the air bubble flows 
to the entrance of the cannula. By careful manipula- 
tion of the plunger it is forced halfway into the 
cannula, and then the tip of the polyethylene can- 
nula is pushed up through the blood and placed near 
the bottom of the inverted cup of the analyzer. The 
air bubble is pushed out into the cup, from where 
it is immediately drawn into the measuring capil- 
lary by means of the screw and measured. The 
analyzer is now turned so that the opening of the 
cup points up, the blood is sucked off and the cup 
is filled with KOH-solution. With the cup pointing 
down again the air bubble is screwed a few times 
almost completely down into the KOH-solution and 
then back into the capillary for measuring. The 
cup is now emptied and filled anew with Ovs-ab- 
sorbent and the foregoing procedure repeated. O2 is 
usually absorbed after 10—12 movements. Care is 
taken always to keep the last “tail” of the air 
bubble in the capillary, lest it flow out in the cup 
and absorbent enter the capillary. This often causes 
the bubble to break up in smaller parts. Should this 
nevertheless happen, a piece of fishgut, dipped in 
caprylic alcohol, can be brought in contact with 
the bubble, which then usually unites again. Caprylic 
alcohol in the measuring capillary should be avoided 
as it is apt to break the column of air. Between 
analyses the analyzer is rinsed with distilled water 
several times, the last time with water equilibrated 
at the expected gas tensions. Over night the capil- 
lary is first rinsed with a detergent, then left with 
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distilled water in the hot room. Rinsing with e. 
sulphuric acid should be done only when absolutel, 
necessary, and afterwards very thorough rinsin 
with weak alkali, detergent and water should 
performed. 


TESLS OF DHERACCURAGYSOr 
THE METHOD 

In order to test the different steps of th 
method a series of determinations of know 
gas tensions was performed. 

1) An air bubble (about 5 mm?) of know 
composition was introduced into the analyze 
with water equilibrated at the same gas te 
sions and analyzed. The differences from th 
known tensions (pCOz 35 mm and pO 
110 mm) were averaged and the standard 
deviations calculated. 


The result was: 
ApCOz: —1.2 mm 
i S16 

seeks 


. 

ApOs == Lz mm 
d= —1.0 mn 
1 | 


To 


2) An air bubble of known comndeti 
was introduced into the analyzer with blood 
equilibrated at the same gas tensions and 
analyzed. 


Result : 

ApCOz: —1.5 mm ApOz: +1.5 mm 
Gla S54, saaian d= 1.3 nam 
m= se fo) 30) 


3) A bubble of atmospheric air was in- 
troduced into a syringe containing blood 
equilibrated at ordinary room temperature 
with a gas mixture of known composition 
(about 5 per cent COz and 13 per cent Oz) 
and rotated for 10—15 minutes at room 
temperature. It was then transferred to the 
analyzer as described and analyzed. 
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Result : 

:pCOz: O mm ApOz: +0.1 mm 
fe a= +2.4 mm d= ED mam 
| n= 22 n= 22 


|) A bubble of approximately 100 per 
't Ne was rotated with blood equilibrated 
! pCOz of 35 mm and a pOe of 110 mm 
about 15 minutes, transferred to the ana- 
er and analyzed. 


Result : 


hpCO2 : 13) mm 
d= +2.6 mm 


i= 1) 


ApO2: —3.6 mm 
| d= +3.6 mm 
f= 10 
Srogh (1908) pointed out that the total 
ssure of the gases in arterial blood was 
rer than that of the atmosphere and of the 
eolar air. He showed that as a consequence 
this a bubble with a total pressure higher 
n that of the blood gases would undergo 
inking and that the equilibrium reached 
uld be a “sliding equilibrium”. In Krogh’s 
‘rotonometer a special pressure regulator 
tisted the pressure in the bubble to that of 
blood gases so that no such shrinking 
k place. In special experiments Krogh 
nonstrated that a difference in total pres- 
es made itself most apparent on the pNe, 
ch less on the pOz and was negligible on 
pCOsz. A difference in total pressures of 
nm Hg (1 per cent of an atmosphere) 
ulted in an error on the pOe of less than 
im Hg. The actual pressure difference be- 
en arterial and alveolar gases is for the 
in part due to the alveloar-arterial pOz 
erence which is found to be 5 to 25 mm 
by different authors. If a negative al- 
lar-arterial pNe-difference of 8 to 16 mm 
exists, as found by Canfield & Rahn 


(1957) and Aksnes & Rahn (1957) the 
total pressure difference will be reduced to 
a value which, according to Krogh, should 
cause but a slight error on the pOz and none 
on the pCOez as determined by the bubble 
method without pressure regulation. In order 
to see if the present method also gives only 
slight errors with moderate differences in 
the total pressures, a series of control experi- 
ments was performed in which the total pres- 
sure of the blood gases was adjusted to 20 
or 30 mm Hg below barometric pressure. 

5) A bubble of atmospheric air was rota- 
ted for 10—15 minutes in blood equilibrated 
with a gas mixture of known composition at 
a total pressure 20 to 30 mm Hg below am- 
bient barometric pressure. The bubble was 
analyzed as usual and the partial pressure 
compared to the known gas tensions of the 
blood. 


Result : 
ApCOz2: +1.0 mm ApOz: +2.2 mm 
d= +24 mm di se2./ ana 
iv=="" 26 Die 26 
As the results show, both the pCOz and 
the pOz came out too high. For the pOsz 
Krogh found that when the total pressure was 
39 mm Hg lower in the dissolved gases than 
in the bubble, the pOz was found 5.4 mm Hg 
too high. In the present experiments it is 
2.2+0.5 mm Hg too high. The difference 
between this average, and the average in 
series 3): 0.1 + 0.4 mm Hg is, however, not 
statistically significant. For pressure differ- 
ences as low as those to be expected in 
normal arterial blood, the error caused by a 
“sliding equilibrium” therefore must be slight 
and indistinguishable from the systematic 
error inherent in the method. 
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In the above mentioned tests, equilibration 
and analysis were performed at ordinary 
room temperature. Attempts were made to 
equilibrate the bubble at 37° C and to trans- 
fer it as quickly as possible to the analyzer 
which was kept at room temperature. The 
drop in pOz was considerable that it was 
deemed necessary to perform the transfer and 
the analysis of the gas bubble also at 37° C 
in a thermoregulated room. In order to si- 
mulate experimental conditions as closely as 
possible the arterialized blood was stored on 
ice in the equilibrating syringes for 20 to 40 
minutes before it was rewarmed in water at 
37° C for 8—10 minutes, the bubble was in- 
troduced and the rotation with consequent 
transfer and analysis at 37° C room tempera- 
ture were begun. Lambertsen, Bunce, Drab- 
kin & Schmidt (1952) found that addition 
of fluoride and cyanide to the blood had no 
measurable effect on the stability of the gas 
tensions. In earlier experiments we have 
found (Asmussen & Nielsen, 1956) that 
fluoride prevents a drop in pH of blood stored 
for 2 hours at about 37° C. Under the pre- 
sent experimental conditions, where the blood 
was kept at 37° C for only 20 to 30 minutes, 
our results confirm those of Lambertsen 
et al. as the following test shows. 

6) An air bubble was equilibrated with 
blood of known gas tensions at 37°C and 
analyzed at the same temperature. The blood 
was treated with fluoride + cyanide, fluoride 
only, or left untreated. 


Results : 

Fluoride + cyanide 

ApCO2: —1.9 mm ApOz: +0.3 mm 
d= +14 mm d= cel 07mm 


eS ie AN: 


Fluoride 
ApCOz: —4.5 mm 
n= € 
None 


ApCOz: +0.1 mm 
d= +1.4 mm 


i= UC 


In the following experiments, therefore, n 
chemicals except heparin were addied to th 


7. 


blood. : 

7) Blood was equilibrated with a gas mix- 
ture of known composition at 37° C, anaer- 
obically drawn into the equilibrating syringe 
which contained a drop of mercury, stored on 
ice for 20 minutes, rewarmed in water to 
37° C, equipped with a bubble of atmospheric 
air and rotated for 10—15 minutes. The 
bubble was transferred to the analyzer and 
analyzed at 37° C. 


Result : 

ApCOz: +1.0 mm 
d= 240 tein 
ma 55 


ApOz: —0.8 mm 
d= +1.97 mm 
ns 55 


COMMENTS 

It appears from the preceeding that, for 
measurements of arterial COz and Og tension, 
the described method gives reliable results 
when the arterial tensions are in the vicinity 
of the normal (pCOz about 40 mm, pOs 
about 90 mm) when a bubble of atmospheric 
air is used. Even when the bubble is pure Nz 
or when the total gas pressure in the blood 
is 20—30 mm Hg below the total pressure 
of the bubble, the results do not deviate more 
than a few millimeters on the pOe and less 
on the pCO. Under the described circum- 


inces fluoride and cyanide need not be 
ted to the blood. A close control of tem- 
ature — to within 0.1° C — is necessary. 
trections for temperature differences were 
de by means of factors from Brown & Hill 
922) for pOz and from Brewin, Gould, 
shat & Neil (1955) for pCOs. The nomo- 
ms of Bradley, Stupfel & Severinghaus 
956) may also be used and give the same 
ults. Some special precautions must be 
ntioned: The drop of mercury in the equi- 
rating syringe is necessary to obtain equi- 
‘ium. All glass and mercury that come 
0 contact with the blood must be comple- 
v free from traces of acid, lest the pCO2 
“omes too high. The capillary of the ana- 
er must be kept clean. Rinsing can be per- 
med with distilled water between analyses ; 
en a more thorough cleansing is necessary, 
‘ergent may be used. 

The results seem to indicate that COz ten- 
ns are determined about 1 mm too high, 
ereas the Oz tensions are about 1 mm too 


v. The systematic erorr and the standard 


yviation are of the same magnitude as those 
md by Lambertsen et al. (1952) and Filley 
al. (1954, using modifications of Riley’s 
hnique. 


SUMMARY 


A description is given of a method for 
ect determinations of oxygen and carbon 
xide tensions in arterial blood, based on 
bubble method of Krogh (1908) and the 
difications introduced by Riley eft al. 
945), Lambertsen et al. (1952) and others. 
[he bubble, about 5 mm3, is equilibrated 
arately in 3 ml of blood by rotation at 
>C for 10—15 minutes and then trans- 
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ferred to the micro gas analyzer. Tests with 
air bubbles of various composition were made 
in blood at Oz—tensions around 90 mm Hg 
and COs tensions about 40 mm Hg. System- 
atic errors were + 1 + 2 mm Hg for pCOz 
and —l1+2 mm Hg for pOe when the 
bubble was atmospheric air. 
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The procedure presented below is a modi- 
fication of the method for protein-bound 
iodine determination introduced by Barker, 
Humprey & Soley in 1951, which was for- 
merly used in our laboratory. The main modi- 
fications in the procedure are the dialysis of 
the serum to remove the inorganic iodine, 
the drying and incineration with potassium 
hydroxide in nickel crucibles, and the ex- 
traction of the ash with strongly alkaline 
medium (Vilkki, 1956). The advantages of- 
fered by alkaline extraction have recently 
been pointed out also by other workers 
(Grossman & Grossman, 1955; Van Slyke, 
1957). 

The new modification has now been em- 
ployed over three years and has been found 
practical in routine analytical work. It seems 
to be less sensitive to external iodine con- 
tamination, yet it yields results as accurate 
as the results obtained by the original me- 
thod. The determinations are easily carried 
out by a laboratory technician. When the time 
required for the dialysis is disregarded, about 
20 duplicate samples can be analyzed during 
an 8-hour workday by one worker. 


* Read at the International Congress on Clinical 
Chemistry, Stockholm, August 19—23, 1957. 


RRACTICALVEONSIDERASTIONS 


1. Instead of precipitating the serum pr 
teins with zinc salt and performing numerow 
washings, the inorganic iodine is se 
from the samples by dialysis in: cellophan 
The wate 
must not contain more than about 10 micro 


bags under ordinary tap water. 


grams of iodine per litre. The dialysis mus 
be of at least 12 hours’ duration. 

2. The bags and their dialyzed contell 
are placed in nickel crucibles and the alkalin 


incineration reagent added. The reagent con 
tains potassium hydroxide as the alkali an 
zinc sulphate as the catalyst. The drying i 
rapidly carried out in a furnace at a tem 
perature of about 150° C. A temperature a 
high as this can be used since the evaporatin; 
area in the crucible is large. The samples de 
irjot froth if the ventilation in the furnace i 
adequate during evaporation. During the in 
cineration an even temperature of 600° C i 
the furnace is preferable. The ventilatio: 
holes in the furnace must be closed at thi 
stage. 

3. The resulting ash is suspended in neu 
tral arsenite solution and centrifuged. It i 
important that the solution be kept strongl 
alkaline during the whole dissolving proce 


21 


DETERMINATION OF PROTEIN-BOUND IODINE IN SERUM 


e. The alkaline reaction ensures an easy 
trifugation which yields a water-c ear 
sernatant. Heavy metals which may pos- 
ly interfere in the photometric determ'na- 
A are also precipitated as carbonates from 
solution. The alkalinity of the solution 
D seems to protect the iodide from oxida- 
n and prevent its volatilization during the 
solution. The alkalinity is maintained until 
clear supernatant solution has been trans- 
‘red to the photometer tube, in which it is 
dified with a sulphuric-hydrochloric acid 
gent. The carbon dioxide liberated pro- 
ts the contents of the tube from oxidation. 
4. The catalytic action of iodide ion on 

reduction of quadrivalent cerium ion 
fers from Barker’s method only in that 
- concentrations of acid, chloride and ar- 
uite ions are higher and the concentration 
cerium 1on is lower in the new modifica- 
m (Lein & Schwarz, 1951). Tie rate of dis- 
pearance of the yellow color is determined 
taking two photometer readings, one six 
nutes and the other 12 minutes after the 
dition of the cerium reagent. The interval 
ween the readings does not necessarily 
ve to be 6 minutes, and can be altered 
fit the prevailing conditions. Also the 
nperature at which the color reaction is 
ried out, usually 40° C, can be lowered 
a slower reaction is desired. By these 
ans the per cent transmission can be 
usted to remain between 20 and 65 during 
recording. The kinetic recording of the 
luction rate of cerium has been retained 
10ugh two methods yielding a_ stable 
ium color were also tested (Rogin & 
braveic, 1953; Grossman & Grossman, 
35). The stable color increased the accu- 
y of the photometer scale reading, but 


often gave erroneous results, probably owing 
to the presence of foreign reducing agents. 
When the catalytic activity of the iodide ion 
is determined kinetically, these agents seem 
to cause a rapid initial reduction but do not 
interfere with the rate of reduction at a later 
stage when an accurate measurement of the 
rate can be made. 

To check the recovery of iodine in the 
analysis, each analysis is carried out on du- 
plicate samples, to one of which a standard 
amount of iodine is added after dialysis. The 
level of results in each series is thus effec- 
tively controlled. 


METHOD 
Reagents 


Water. Redistilled water, controlled to be low in 
iodine. 

Incineration reagent. 70.1 g of potass:um hydrox- 
ide and 25.0 g of zinc sulphate are separately dis- 
solved in 250 ml of water. Equa! volumes of the two 
solutions are mixed immediately before use. 

Potassium arsenite, A. Stock solution, 0.2 N. 
4.95 g of arsenic trioxide are dissolved in 100 ml 
of boiling water to which 6 ml of 5N potassium 
hydroxide have been added. After dilution to ap- 
proximately 300 ml in a 500-ml volumetric flask, 
the solution is neutralized with 4.3 ml of 7 N sul- 
phuric-hydrochloric acid reagent, after which the 
flask is filled to the mark. B. For actual use, two 
volumes of the stock solution are diluted with three 
volumes of water to give a 0.08 N solution. 

Sulphuric-hydrochloric acid reagent, 7 N. 98 ml 
of concentrated sulphuric acid are diluted to 300 ml 
with water, 50 g of sodium chloride are added, and 
the solution is diluted to 500 ml. 

Ceric ammonum sulphate, 0.01 N. 3.17 ¢ of ceric 
ammonium sulphate are dissolved in approximately 
300 ml of water. The solution is acidified with 
sulphuric acid (84 ml of concentrated acid) to 
obtain a solution which, after dilution to 500 ml, 
has a final acidity of 6 N. 

Standard iodide solution. A. Stock 


solution. 
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0.0645 g of potassium iodide is dissolved in 500 ml 
of water. The titer of this solution is determined 
by oxidizing the iodide in a 5-ml sample to iodic 
acid with potassium permanganate and titrating the 
iodine liberated after adding potassium iodide with 
standard sodium thiosulphate (the nor- 
mality of the latter is determined against potassium 
iodate). A 5-ml volume of the above solution is 
made alkaline by adding one drop of 5 N potassium 


solution 


hydroxide in a 500-ml volumetric flask and the 
flask is filled to the mark with water. This stock 
solution is stored in a refrigerator at 4° C. B. For 
actual use, 2 ml of the stock solution are diluted 
to 50 ml anew The 
iodine content of this solution is 0.040 microgram 


for each series of analyses. 


per ml. 

All reagents used must be of analytical grade. 
The iodine contents of the reagents have been so 
low that further purification has not been found 
necessary. The blank value is nevertheless deter- 


mined for the reagents in each series of analyses. 


Laboratory equipment 


Dialyzer tubing. %4 inch standard cellophane 
tubing. 

Nickel crucibles. These are of pure nickel, 40 mm 
in height and and about 20 ml in 
volume. 

Combustion furnace. Heraeus muffle furnace, 
the temperature of which can be adjusted to 150° C 
and 600° C. The crucibles can be placed inside in 
two layers separated from each other by brass 
gauze, the maximum number of crucibles being 50. 

Centrifuge tubes. Conical standard centrifuge 
tubes, volume about 15 ml. 

Photometer. Beckman spectrophotometer Model 
B fitted for standard cylindrical cuvettes. 


in diameter, 


Water thermostat. Electrically controlled to 
A(t Oe CG 
Analytical procedure 
Dialysis 


Pieces about 6 cm in length are cut from dialyzer 
tubing and immersed in water. The wet pieces are 
tied at one end with cotton thread and an aluminum 
number plate is attached to the knot. The tubes, 
open at one end, are placed in an ordinary test tube 


rack. One ml of the serum to be analysed is pipe 
ted into each of two bags and the bags are tied 
the upper ends. In each series, two bags containi 
one ml of water instead of serum are also includ 
to obtain the blank value. The bags are dialyze 
under running tap water at least 12 hours in | 
vessel large enough to prevent the bags from toue 
ing each other. 


Incineration ; 


The bags are transferred to nickel crucibles a 
opened by cutting through the knot carrying t 
number plate. 2 ml of incineration reagent are add 
and mixed with the contents of the opened bag wi 
a glass rod. To one of the two crucibles for eac 
serum sample, one ml of standard iodine soluti 
is added. The crucibles are transferred to a muff 
furnace, temperature about 150° C, where they ar 
allowed to remain until the water has completely ev L 
porated (2—3 hours). After the samples have drie 
the temperature of the furnace is raised to 600° C 
where it is kept for two hours. 


7 


‘ 


Dissolving the ash 

After the crucibles have cooled, exactly 5 ml o 
potassium arsenite solution are added. The asl 
partly dissolves in the reagent solution and th 
remainder is readily suspended by shaking th 
crucible. The solution is strongly alkaline at thi 
stage owing to the potassium carbonate forme 
from the potassium hydroxide. The suspension i 
poured from the crucible into a centrifuge tub 
and centrifuged about 10 minutes at approximatel! 
1500 r.p.m. The suspended matter (carbon and in 
soluble carbonates) separates to the bottom of th 
tube. The supernatant layer containing the iod de i 
solution is water clear. 


Color reaction 


Exactly 3 ml of the clear layer are pipetted int 
a photometer tube, care being taken to avoid trans 
ferring any solid residue. One ml of 7 N sulphuric 
hydrochloric acid reagent is added carefully to th 
tube to avoid frothing. 

The photometer tubes, no more than 18 to | 
series, are transferred to a water thermostat a 
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Pats) 


for at least 15 minutes. A test tube contain- 
he required volume of cerium solution is also 
ed in the thermostat for the same period. 
le ml of cerium solution is added to each of 
photometer tubes in the thermostat in succession 
0-second intervals as read from a stop watch. 
er each addition the tube in question is vigor- 
y shaken and replaced in the water bath. The 
reagent still effects an appreciable frothing 
ch facilitates the mixing. 
ix minutes after the first addition of cerium 
‘ent, the per cent transmission of the first 
is determined at 4200 A against distilled water. 
readings are taken similarly at 20-second inter- 
for the remaining tubes in succession, i.e. in 
- case after six minutes have elapsed from the 
tion of the cerium solution. The transmission 
ach tube is read again after exactly six minutes 
= elapsed from the first reading. If the second 
smission reading exceeds 65 per cent, the ana- 
; must be repeated on a smaller sample. 


Calculation of results 


“he difference (AT) between the photometer 
lings taken at the beginning and at the end of 
6-minute interval is calculated for each sample. 
s difference is a measure of the rate of the 
t-order reaction CelV—» Celll which is, under 
‘specified conditions, with sufficient accuracy 
etly proportional to the iodine content of the 
ple. When the iodine content (0.0—20.0 micro- 
ns per 100 ml) is plotted against the difference 
yer cent transmission AT (0.0—30.0 per cent), 
raight line results which intersects the horizontal 
; at the point PBI =0, the corresponding AT 
ie for which is given by the photometric value 
the blank sample containing only the reagents 
» (Fig. 1). The slope of the line gives the 
ease in AT due to the amount of iodine (0.04 
rogram) added to the duplicate. This increase 
alculated by subtracting the AT value for the 
ple from the AT value for the corresponding 
licate containing standard iodine; the average 
ease for the combustion series (AT), ,,) 1s used 
n drawing the plot. The average value gives a 
+t on the linear plot corresponding to an iodine 
ent of 4.0 micrograms per 100 ml (AT, , = 
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Fig. 1. The standard plot used for calculation of 


results. The values of protein-bound iodine (PBI) 

are plotted against the difference (AT) between the 

per cent transmission readings taken at six-minute 
intervals. 


AT. + a ee The linear plot can be drawn 
when the two values, AT, and AT, ,, 
and the iodine content of a sample can be read from 
the plot when the value of AT for the sample has 
been determined. 


are known 


The result can also be calculated with the aid 
of the equation for the linear plot 
n(AT AT.) 


iodine in micrograms = 0.04 a 
= Xx(AT, — AT,) 


where 
AT, =difterence in the photometer readings for 
the sample. 
AT, = difference in the photometer readings for 
"the duplicate to which 0.04 microgram 
of iodine had been added. 
AT, = difference in the photometer readings for 
the- blank. 
n=number of duplicate analyses in the 
series. 


RESUERS 


The effectiveness of the dialysis was stud- 
ied on a series of twenty samples of the same 
serum, to ten of which 0.08 microgram of 
standard iodide had been added before the 
dialysis. (In the final result this addition 
corresponds to 8 micrograms of PBI in 
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Fig. 2. Frequency distribution of PBI values for 
500 blood samples. 250 of these samples were ana- 
lysed by the precipitation method (dotted line), and 
the other 250 using the dialysis method (solid line). 


100 ml of serum.) PBI determinations gave 
a mean value of 4.9 + 0.25 micrograms for 
the serum alone and 4.8 + 0.21 micrograms 
for the serum to which the iodide had been 
added. This result shows that the dialysis 
efficiently extracts all inorganic iodide. 

The results for 500 blood samples from 
500 patients are shown distributed according 
to their PBI values in Fig. 2. 250 samples 
were analyzed with the dialysis method and 
250 with the protein precipitation method. 
In all other respects the analytical procedure 
was the same in the two series. No significant 
differences are noted between the distribu- 
tions of PBI in the two series. 

A further series of 20 serum samples were 
analysed by both methods simultaneously. 
The PBI values obtained (Table I) after dia- 
lysis were 0.26 microgram per 100 ml higher 
on the average than those obtained after pre- 
cipitation and washing. This is not a signi- 
ficant difference, although it reveals a ten- 
dency for the dialysis method to give slightly 
higher values. 

The error of the dialysis method, the stan- 
dard deviation of a single determination cal- 
culated from the differences between dupli- 
cate analyses, is + 0.4 microgram of iodine 
per 100 ml of serum. 


Table I. PBI values in micrograms 
100 ml serum for 20 samples determin 
simultaneously by dialysis and precipitati 


methods. 
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9. 6.0) 55 > -05.| 10) 246059500 
10. 7.7 7.5 402) 20.) 49° 46.ceue 
Average 6.0 58 + 0. 


The method has a wide application also 
the determination of iodine in other sul 
stances than blood. It is suitable for tt 
determination of iodine in all kinds of ti 
sues and foodstuffs. For these analyses, n 
further modification 1s necessary except thé 
the dialysis step is omitted. The standardiz: 
tion of the method and its application in foo 
analysis have been extensively discussed 1 
a previous paper of the writer (Vilkki,1956 


SUMMARY 


A modification of the alkaline incineratic 
method for the analysis of protein-bour 
serum iodine is described. The main di 
ferences from the usual procedures are: 

1. Dialysis instead of protein precipit 
tion is used to eliminate inorganic iodit 
from the samples. 

2. The samples are dried and incinerate 
with potassium hydroxide in nickel crucible 

3. The ash is extracted with strongly a 
kaline medium. 


t To control the level of the results, re- 
ery of added iodide is determined in each 
1es of analyses. 
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STUDIES ON INTRINSIC FACTOR AND PERNICIOUS SAN ia 


I. ORAL UPTAKE OF VITAMIN By IN PERNICIOUS ANEMIA 
WITH INCREASING DOSES OF AN INTRINSIC FACTOR CONCENTRAYT 


By H. BERLIN, R. BERLIN, G. BRANTE anp S-G. SJOBERG 
From the Research Department, A/B Kabi, Stockholm, the Medical Department, Central 


County Hospital, Falkoping, the Central Laboratory and the Medical Department, Central County 
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(Received for publication February 17, 1958) 


The purpose of the present study was to 
find the relationship between intrinsic factor 
(IF) activity and vitamin Bie-binding capa- 
city for hog pylorus concentrates of consider- 
ably different purity and for different frac- 
tions of such concentrates. The intention was 
to show whether or not the Bi2-binding ca- 
pacity of hog pylorus concentrates could be 
used for expressing their IF activity, and 
whether or not the Bie-binding capacity and 
the IF activity can be ascribed to the same 
component or components.! 

Already here it must be emphasized that 
the Bie-binding capacity, if at all present for 
IF as such, is not specific for IF, as this 
property is proved also for certain other 
known compounds and animal materials 
without IF activity.! Consequently, one ne- 
cessary condition for expressing ITF activity 
in terms of Bie-binding capacity must be that 
no such compounds have been added. 

In this first part of the study it will be 
shown how pernicious anemia (PA) patients 
responded to different amounts of a com- 
mercial IF concentrate, primarily in order to 
establish the preferable dosage for the sub- 
sequent investigations. 


1 For a comprehensive summary and discussion 
of earlier studies on this problem the reader is 
referred to Grasbeck and Wijmenga (1956). 


MATERIAL 


The IF preparation used in this study was 
certain batch of the commercial material from he 
pyloric mucosa used in Bendogen tablets (A/S Gz 
Copenhagen, and A/B Kabi, Stockholm). pend 
tablets (Kabi) contain 10 wg vitamin Bue togethe 
with about 50 mg (10,000 coli units, see below) of th 
IF material. The batch of IF material used is he 
referred to as “IF reference standard” and has 
Biz-binding capacity of 202 coli units per mg. 

The PA patients used for the tests were seleci¢ 
from available patients at the Central County Ho: 
pitals of Eskilstuna and Falkoping, Sweden. The 
all were patients with well-established PA, none ¢ 
which was known to be clinically refractory to or 
treatment. 

METHODS | 

1. The Byg-binding capacity was determined a 
cording to a method in principle developed by Hof 
Jorgensen, Skouby & Gad Andresen (1952), mod 
fied and simplified by Dr. Niels Nielsen, head ¢ 
the microbiological laboratory of A/B Kabi, Stodl 
holm. The B12-binding capacity is expressed in ec 
units (CU), 1,000 CU being defined as the amou 
of the IF preparation capable of making 1 yg vit 
min Biz unavailable to E. coli. 

The method is in principle carried out by additc 
of an excess of vitamin Biz to the IF preparati 
to be assayed, and determination of free vitam 
Biz by means of a strain of E. coli. The bow 
vitamin is obtained as the difference between tot! 
and free Bie. 

An aqueous solution of the IF preparation wi 
an estimated concentration of about 1,000 CU/ml 
prepared, and three 2 ml portions of this solutt 
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mixed with 2 ml of Buz solutions containing 3.3, 
rand 5.0 ug Biz. The amount of Biz added is 
| about twice the amount bound by the IF pre- 
‘tion. As a precautionary measure the solutions 
hallowed to stand for 1 hour at 25° C, although 
formation of IF-Biz complex is assumed to take 
P very rapidly. 

he amount of free Biz is determined in the three 
tions with E. coli 113-3 as test organism (Davis 
Mlingioli, 1950). The assay is made as a plate 
~The amount of bound Bie is calculated as dif- 


”ICce. 


e values for bound Biz. This determination is 
ably carried out in duplicate or triplicate, and 
mean value is calculated. 

F solutions weaker than 1,000 CU/ml are as- 
-d by addition of correspondingly smaller 
sunts of Bis. In this case the more sensitive tube 
is needed for the Biz determination. Thus IF 
tions with as little as 10 CU/ml can be assayed. 
“his procedure has repeatedly been shown to 
- essentially the same values for Bu2-binding 
icity as Hoff-Jorgensen’s method. It has also 
: compared with the dialysis method (Rosen- 
n, Woodbury & Reisner, 1954), utilizing radio- 
ve vitamin Biz. Also this method gives com- 
ble results. 
. The IF activity was determined by measure- 
it of the urinary radioactivity excretion accord- 
4o Schilling. The radioactivity determinations 
e all carried out at the Central Laboratory, 
ilstuna, with a scintillation counter. 

ug Bie with 0.25 microcurie B12-Co® (supplied 
Merck & Co.) was given on a fasting stomach 
he morning, alone or along with an IF dose. 
- Biz dose was given in about 80 ml water, and 
IF preparation was suspended in the solution 
iediately before the dose was taken. Two hours 
r 1,000 we of non-radioactive vitamin Biz were 
jnistered intramuscularly. The urine was col- 
>d for the first and in most cases also for the 
nd 24-hour period after the oral dose. A second 
ction of 1,000 wg Biz was given 24 hours after 
oral dose, and at least 3 days elapsed between 
doses of radioactive Biz to the same patient. 
ples of the collected urines were concentrated 
imes by evaporation in vacuum and counted in 
1 portions in a Tracerlab well-type crystal. By 


The three solutions give essentially the 


comparison with a simultaneously counted standard 
of the radioactive Bie used, the urinary excretion 
of radioactivity was calculated as percentage of the 
given dose. 


EXPERIMENTAL 


The Schilling test was first carried out on 
a number of PA and non-PA subjects with 
radioactive Biz alone, in order to make sure 
that the method worked satisfactorily in our 
hands. 

As expected, very great differences in 
urinary excretion were found in PA and in 
hematologically normal subjects (Fig. 1). Of 
the non-PA cases those with achlorhydria 
show on an average slightly lower values than 
those without achlorhydria; the difference 
is small but significant at the 0.1—0.5 per 
cent level (* * significance). The cause of 
this difference may be that some achlor- 
hydria patients are developing a PA, yet 
without clinical symptoms. Two cases of non- 
tropical sprue fall in the same range as PA. 

The Schilling test was then carried out on 
a number of PA patients with the use of 
1 wg radioactive vitamin Bi2 and varying 
amounts of IF reference standard ranging 
from zero to 100,000 CU. The results are 
visualized in Fig. 2. 


Number of cases 


pernicious anemia (PA) 

non- PA cases without achlorhydria 
non-PA cases with achlorhydria 
nNon- tropical sprue 
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Radioactivity, %o of given dose in urine (0 - 24hours) 


Fig. 1. Urinary radioactivity excretion after 1 uz 
Bie-Co® without intrinsic factor (Schilling test). 
difference between pernicious 
anemia and other subjects. 


Demonstration of 
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Radioactivity. % of given 
dose in urine (0 -24hours) 
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ae 4 
500 1000 
Dose of IF preparation (204 CU/mg) 


Fig. 2. Demonstration of influence of intrinsic 
factor dose on oral Biz uptake in pernicious anemia. 


Schilling test with 1 wg B1z-Co® in 41 subjects. 
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Fig. 3. Urinary radioactivity excretion test accord- 
ing to Schilling. 280 comparisons of excretion dur- 
ing first and second day after dose. 


It may be worth mentioning that only 
values for 24-hour urine have been recorded 
here. The same general conclusions can be 
drawn from measurements made on 48-hour 
urine, although collecting of urine for 48 
hours naturally results in higher absolute ex- 
cretion values. On an average 35 per cent 
higher levels are obtained from 0—48 hour 
urine than from O—24 hour urine, if 24 


hour values below 2 per cent are exclude 
(Fig. 3). In a material comprising 280 com 
parisons between O—24 anid 24—48 ho 

urine the 0O—24 hour excretion value was 
above 2 per cent in 183 cases. 155 of thes 
(85 per cent) had a 24—48 hour value in th 
range of 20—60 per cent of the 0—24 hou 
value. Consequently, our opinion is that for 
routine tests excretion values based only or 
24-hour urine are in general quite acceptable. 


RESULTS AND DISCUSSION 

Fig. 2 shows the influence of varyin 
doses of our IF reference standard on th 
urinary radioactivity excretion, when’ giver 
to PA subjects with an oral dose of 1 uw 
radioactive vitamin Biz. The following gene- 
ral conclusions can be drawn. ) 

Significant increase in Biz uptake is ob- 
tainied by IF doses higher than approximately 
500 CU. 

A dose of 1,000 CU, which is “equivalent” 
to the Biz dose given, in terms of binding 
capacity, is not sufficient for maximal re- 
sponse. The implications of this fact will 
be discussed elsewhere ; it does not, however, 
exclude the possibility of a proportionality 
between the two effects. 

The response increases most sharply ini the 
range of approximately 1,000—3,000 CU 

Maximal response occurs when an IF doses 
of approximately 10,000 CU or more is 
given. The response from 10,000 CU is ir 
most cases but not invariably comparabk 
with that generally found with 1 ug Bu: 
alone ini healthy subjects. 

It has been claimed that very high IF 
doses may result in impaired radioactivity 
excretion (Glass, 1955). Possible explana 
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for this could be: a) the presence of 
nhibitory factor in the IF preparation, 
e presence of vitamin Bie in the IF com 
irate, which may dilute the radioactive 
given. In our material there seems to 
a slight tendency to lower values from 
(000 CU than from 10,000 CU. The dif- 
‘nce is, however, not statistically signi- 
mt. An assay of vitamin Biz in our IF 
“rence standard showed that a possible 
bent of Biz (<0.2 wg/g) is practically 
igible compared with the Bie dose given, 
n if 100,000 CU are used. 
ks seen from Fig. 2, the individual re- 
nse to the same IF dose is highly dif- 
ent from one patient to another. This may 
tly be explained by the fact that a large 
erial always will comprise cases of PA 
lifferent jstages of development. Thus in 
of the PA cases, giving as high a re- 
mse as 6.3 per cent excretion after Bie 
ae, the deficiency in Biz absorption was 
arently not fully developed wheni the test 
s carried out, although the clinical picture 
s convincing. (One year later the value 
s still as high as 5.0 per cent.) On the 
er hand, some of the cases recorded in 
-, 2 show markedly low values after mode- 
2 and sometimes also after high IF doses. 
> know that some PA cases (reported by 
‘Jin, Berlin, Brante & Sjoberg, 1958, and 
recorded here) may become refractory 
treatment with commercial oral prepara- 
1s, and that such patients show very low 
retion values even after an IF dose of 
000 CU. It is possible that the subjects 
Fig. 2 with low response figures are 
dually becoming refractory to oral treat- 
nt with Biz + IF. We hope to be able to 
ert to this question after studying a num- 


ber of such cases for some more time. It may 
be mentioned already here that most of the 
cases with low response shown in Fig. 2 had 
received oral Bie-IF treatment at least dur- 
ing some period earlier. We do not yet know, 
however, 1f a refractoriness will develop as a 
result of or independently of the oral treat- 
ment. 

If the patients shown in Fig. 2 are divided 
into two groups, one comprising those ex- 
creting only 0.5 per cent or less, the other 
more than 0.5 per cent, after Biz without IF, 
the first group appears to excrete less than 
the second also after Biz + 10,000 CU of 
the IF preparation. The difference is, how- 
ever, not definitely established (* signifi- 
cance). A further study of this seems to be 
well justified. Possibly the B12 absorption in 
PA patients with particularly low spontan- 
eous absorption cannot be fully restored by 
hog’s IF in doses adequate in other cases. 

Because of the great differences im ex- 
cretion for different PA patients it is prob- 
ably unjustified to construct an “average 
response” curve showing the radioactivity 
excretion after various IF-doses in a “nor- 
mal” case of PA. The construction of a mean 
curve in Fig. 2 has accordingly not been 


attempted. 


The immediate purpose of the material 
collected in Fig. 2, however, was to establish 
the IF doses most suitable for the subsequent 
experiments with different IF concentrates. 
It was considered important to choose IF 
doses corresponding to a steep section of the 
response curve, when the activity of different 
IF preparations were to be compared, to 
secure as dependable results as possible. For 
this purpose standard doses of 1,000 and 
3,000 CU were chosen. 
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In our further experiments with the pur- 
pose of studying the response in suspected 
refractory cases from a dose knowin to be 
highly effective in normally susceptible PA 
subjects, a dose of 10,000 CU of the IF re- 
ference standard was generally adopted. 

The relationship between Big-binding ca- 
pacity, expressed in CU/mg, and IF activity 
for IF 
concentrates of considerably different purity, 


determined according to Schilling, 
will be reported in a subsequent paper. 


SUMMARY 


The urinary excretion test according to 
Schilling was carried out on a number of 
pernicious anemia cases with the use of 1 ug 
radioactive vitamin Bie together with a 
commercial intrinsic factor concentrate in 
amounts varying from zero to very high 
doses. 

The results are discussed, above all with 
the view of establishing standard doses most 
suitable for comparative activity studies of 
different intrinsic factor concentrates. 
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eo SIMPLE FORMULA FOR THE MENTAL ARITHMETIC 
OFFS ir ia Te NANG BODY SURBACE: AREA 


By B. ISAKSSON 


From the Central Laboratory, Sahlgren’s Hospital, Gothenburg, 


weden 


| (Received for publication February 19, 1958) 


In most countries the formula given by 
1 Bois & Du Bois (1916) is used for the 
culation of human body surface area: 


W0.-425 & 0.725 & 71.84 

i 10 000 @) 
vhere A = surface area in m?, W = weight 
kg and H = height in cm). 
When using a calculator based on this 


‘mula an unexpected relationship was 
ind in adults of about 160 cm height. For 
2se persons the simple formula 


W 
sp Reesi 1B T06 (2) 


emed to be valid within certain limits. 
Moreover, in other persons the two first 
cimals of the surface area values seemed 
deviate from the figures of the body weight 
proximately as much as the body height 
viated from 160 cm. 

In order to study these observations the 
lowing calculations were performed, re- 
Iting in a simple formula applicable to 
rface areas larger than 1.0 m? and suitable 
- mental arithmetic (Formula 5). 


CALCULATIONS 
Validity of Formula 2: 


First of all it was of interest to calculate the 
ghts at different weights when the Formula 2 


es “exact” surface area values, in cases when 


W < W0.425 & H0.725 « 71.84 

100" = 10000 fa 
The equation was solved for log H 
=1.38x log (W+100)—0.586 x log W+0.1981 (4) 
Different figures for the weight (W) were inserted 
in Equation 4 and the height (H) was calculated. 
The results are listed in Table I. 

As seen from the table the “ideal” height for 
the weight range 40-—120 kg varies within certain 
narrow limits (156.3—-165.2 cm), showing minimum 
values at 70—80 kg. The mean value of the weight 
range mentioned is close to 160 cm. A gradual de- 
viation from this height will result in increasing 
errors of the surface area when using Formula 2. 
The magnitude of the errors will be shown in the 
following calculation. 


(3) 


Tablel. Body height at given body weights 


where the Formula 2, A=1 + 


the same surface area as the formula of 


Du Bois & Du Bots 


» gives 


Body weight Body height Body surface area 
kg cm m? 


40 165.2 1.40 
50 160.0 1.50 
60 157.4 1.60 
70 156.3 1.70 
80 156.4 1.80 
90) S72 1.90 
100 158.7 2.00 
110 160.5 2.10 
120 162.6 2.20 
Mean 159.4 - 
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Table Il. The error in m? if the Formula 
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2,A=1 _ 


of the surface area, instead of the formula of Du Bois & Du Bois. 
(The number of cases constituting Material A is indicated in brackets). 


is used for the calculation 


Height cm 130 140 150 


AH — 30 


— 10 


Weight ke 


120 = 2 


Algebraic mean (+ 0.23) (+ 0.17) 


Calculation of the error when Formula 2 is 
used for surface area determinations: 


The surface area for persons of different weights 
and of a height of 160 + AH cm, was calculated 
according to the formula of Du Bois & Du Bois 
and to the Formula 2. The deviations between the 
results of these calculations are listed in Table II. 
As expected, different deviations were found within 
each height class. A mean value for the deviations 
of each height class was calculated with the aid 
of the height-weight distribution for 1000 unselected 
subjects measured at this laboratory. As shown in 
Table II these means were found to be very close 
to 1/100 of the term AH in each height class, but 
having the opposite sign to AH. 


The definite formula for mental arithmetic 
of the surface area: 


From the calculations in the preceeding sections 
the Formula 2 may be transformed for general use 
(within certain limits and demands for accuracy) to: 


W + 4H (5) 
100 
where A = surface area in m?, W = weight in kg 
and AH =the deviation (in cm) in body height 
from 160 cm. Due allowance for the sign must be 
made here. 
The use of Formula 5 in mental arithmetic is 
illustrated by a few examples: 


yee a 


Example 


Height (cm) 147 


| Weight (kg) 44 
| AH 147— 160 = —13 
W + AH 44— 13=31 
W + AH 
1 See eee P= 01a 
ay 100 a x 


ACCURACY OF FORMULA 5: 


“he accuracy of the simple formula given 
his paper has been checked by compari- 
5 with data reported on surface area ob- 
ed by direct measurements. Furthermore, 
as been compared with the generally used 
mula 1 by Du Bois & Du Bois (1916) 

with the recently constructed diagram 
calculation of the surface area, given by 
droy & Cecchini (1954). 


uparisons with reported data from direct 
measurements of the surface area 


vendroy & Cecchini (1954) collected all 
2 reported in the literature where the sur- 
» area had been measured by means of 
ing or coating methods or by the linear 
hod of Du Bois & Du Bois (1915), in 
cases. The appearance of the data plotted 
diagram (the term (H + W) against A) 
sed Sendroy & Cecchini to divide the 
erial into three different classes with re- 
d to the surface area: 
‘ubjects with a measured area below 0.8 
(62 cases): The relation between 
+ W) and A described a curved line 
ain these limits. Formula 5 gives too low 
ves; the error increases with decreasing 
face area. Formula 5 cannot be recom- 
ided for these small subjects. 


ORMULA FOR THE MENTAL ARITHMETIC OF THE HUMAN BODY SURFACE AREA 


182 182 
73 95 
182 — 160 = 22 182—160 = 22 
73+ 22=95 ys 7 Mil 
14+ 0.95= 1.95 ee ee, 


Subjects with a measured area within 
0.8—2.2 m? (188 cases): Sendroy & Cec- 
chini found that the scatter of the points 
within these limits “indicated that a straight 
line relationship could be used to describe 
these data” and gave the following equation 
for the line 

A = 0.0097 (H + W) —0.545 (6) 
This equation is practically identical with 
that of the present Formula 5 which may 
be transformed to 
A =0.010 (H + W) —0.60 (7) 
The maximal deviation between the surface 
area calculated according to Equations 6 and 
7 (identical with Formula 5) is only 0.02 m? 
within the given range. 

Subjects with a measured area above 2.2 
m? (2 cases): The upper limit, 2.2 m?, for 
Equation 6 was drawn by Sendroy & Cec- 
chini on the basis of two measured’ subjects 
only. When applying Formula 5 to these two 
cases an error of about —0.15 m? (—5 per 
cent) arises. Formula 1 by Du Bois & Du 
Bois gave an error of —0.30 m?, the diagram 
& Cecchini and 


of Sendroy error of 


—0.05 m?. 
Comparison with the Formula 1 of Du Bots 
& Du Bois (1916) 
Calculations of the surface area according 


to Formulae 1 and 5 were performed during 
a period of 12 months on all cases remitted 
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head) el: 


The validity of Formula 5, A=) > — 


. 


, when compared with th 
100 P ! 


WAH 


formula of Du Bois & Du Bois and with the diagram of Sendroy & Cecchim 


. 


Comparison with 
Du Bois & Du Bois 


Range of percentage 


Comparison with 
Sendroy & Cecchini 


deviation between Material A Material A+B | Material A | Material C 
the calculations |— =F 75 ae 
(without regard Number | Accum. Number | Accum. Number |Accum. ne | pee 
to. sign) of cases | percent- | of cases | percent- | of cases percent Niaher se . 
ee aoc ase measurements 

0.0—-0.5 490 49.0 | 240 24.0 ; 1 
0.6—1.5 346 83.6 203 44.3 

65 134 97.0 Bea ecm eZ 0G 73.9 8 4 
2.6—3.5 19 98.9 159 89.8 2 a 
3.6—4.5 8 99.7 21 99.50 83 98.1 3 1 
4.6—5.5 2 99.9 9 99.95 NS) 99.6 4 1 

above 5.5 1 - i - 4 - 2 1 

Total 1000 2013 1000 22 10 

Mean percent- 

age deviation 

without regard 

to sign — 0! - 1.78 Sali 3.1 | 

Algebraic 

percentage 

mean — 0.13 - +065 +30 +321 


to this laboratory for determination of the 
basal metabolism, a total of 2013 different 
subjects (Table III). 

The first 1000 subjects (Material A — 
height—weight distribution see Table II) 
were collected more thoroughly, the devia- 


tion between the two calculations being re- 
corded in each case. The results, listed in 
Table III, show that in 49 per cent of the 
total material Formula 5 gives figures for 
the surface area which coincide with those 
in Formula 1. In 97.0 per cent the deviation 
between the two calculations is less than 
+ 2.6 per cent. The algebraic mean devia- 
tion is —0.13 per cent, which excludes a 
systematic error in Formula 5. 


In the subsequent 1013 subjects (Mate 
rial B) only cases were recorded showing ; 
deviation between the two calculations abov 
+ 3.5 per cent, a total of only 20 cases. It 
one single case of the total 2013, the devia 
tion was above 5.5 per cent. 


Comparisons with the diagram of Sendro: 


& Cecchini (1954) 


Material A was also subjected to deter 
minations of the surface area using the re 
cently constructed diagram of Sendroy & 
Cecchini. 

In 24 per cent of the material the surfac 
area calculated from Formula 5 coincide 
with those found in their diagram, in 89. 


cent the deviation was less than + 3.6 
| cent, in only 4 cases was the percentage 
jiation above 5.5 (but below 7.5 per cent). 
e algebraic mean deviation was + 0.65 
| cent. 

Due to the lack of a sufficient amount of 


jects of a large stature in material A, 
fomparison was made with the 17 large 
ividuals, collected and calculated by Send- 
& Cecchini (Table III, Material C). The 
ebraic percentage mean deviation was 
3.0, thus somewhat greater than in the 
vious materials and showed a small bias. 
two out of the 22 measurements reported 

deviations were above + 5.5 per cent 


it below 7.5 per cent). 


DISCUSSION 


Jespite the fact that the formula for cal- 
ation of the human body surface area pre- 
ted in this paper is very simple, it offers 
accuracy quite sufficient for clinical pur- 
ses. Only for subjects of a small stature 
slow 0.8 m?) does the formula give in- 
gitably incorrect values. 

in the foregoing section it was shown that 
rmula 5 gives nearly the same values for 
surface area as those found from direct 
asurements on subjects within the limits 
—2.2 m?. However, Sendroy & Cecchini 
154) pointed out that most of the meas- 
d subjects had a normal height—weight 
ation, and for that reason they doubt the 
eral use of their simple Equation 6. 

in fact, Formula 5, even for subjects of 
abnormal height—weight relation, seems 
valid as the generally accepted formula 
Du Bois & Du Bois. The large clinical 
terial studied certainly includes several 
h subjects, as it consists of people with 
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a presumed pathological basal metabolism. 
Nevertheless, only one single case out of the 
2013 cases showed a calculated area which 
deviated more than 5.5 per cent from that 
found from Formula 1 of Du Bois & Du 
Bois. In only 30 subsequent cases was the 
deviation between 3.5—5.5 per cent, which 
is of no practical importance in clinical work. 
Moreover, Formula 1 usually gives slightly 
higher values for the surface area than those 
found from direct measurements within the 
limits 1.30—1.80 m?. In that range Formula 
5 usually gives lower values than Formula 1. 
Above 1.80 m? Formula 1 gives a lower 
value than that measured, whereas Formula 
5 usually gives higher values than Formula 1. 
Thus, the deviations found between the cal- 
culations according to Formulae 1 and 5 seem 
to be in favor of Formula 5 in most instances. 

Formula 5 also seems to give values suf- 
ficiently comparable with those obtained from 
the diagram constructed by Sendroy & Cec- 
chini (1954). They regard their diagram to 
be more valid than the formula of Du Bois 
& Du Bois, especially for subjects with ab- 
normal height-weight relations, as it was 
initially based also on the shape factor W/H 
(for details, Joc. cit.). 
out of the 1000 cases calculated according to 


Nevertheless, only 4 


the diagram and Formula 5 showed a devia- 
tion greater than 5.5 per cent. 

The agreement between Formula 5 and the 
diagram of Sendroy & Cecchini for subjects 
of a large stature (Material C) is nearly as 
good. One of the subjects had been recorded 
on five different occasions during his period 
of growth and affords an example of the 
validity of Formula 5 during changes of the 
shape factor W/H in the range of large 
His 


surface areas. different data were 


288 


(in kg/em) : 81/183 — 174/252 — 197/259 — 
225/264 — 223/268. The deviations between 
the surface areas calculated according to 
Formula 5 and to the diagram of Sendroy 
& Cecchini are + 2.0, + 4.3, + 3.4, + 2.1 and 
+ 1.9 per cent respectively. 

It may thus be concluded that the simple 
Formula 5 has a high validity for calculations 
of the surface area for subjects larger than 
0.8 m?. This is surprising as it must mean 
that above this limit an increase in height of 
1 cm affects the surface area to the same de- 
gree as an increase in weight of 1 kg. From 
a purely scientific point of view this is cer- 
tainly not true, as pointed out by Sendroy 
& Cecchini. Formula 5 should not be used 
when an exact value for the surface area is 
desirable. In such instances direct measure- 
ments are perhaps the only method of choice. 
The pecularities in the body shape of the 
actual human subject can never be recorded 
by a correction factor included in any for- 
mula. The future will show whether or not 
the diagram of Sendroy & Cecchini is an 
acceptable substitute for that very compli- 
cated operation. The formula of Du Bois & 
Du Bois in that respect does not seem to 
afford any advantages over Formula 5. 

In the clinic we have to accept a formula. 
Most clinicians prefer a nomogram or chart 
based on such a formula. Then a further 
error is introduced, the magnitude of which 
depends on the quality and size of the chart 
and ruler in use. From that point of view 
a formula which allows mental arithmetic 
may even be superior in addition to its simp- 
licity. Moreover the data on which the cal- 
culations are based — the figures for height 
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and weight — depend on the status of the 
patient during the measurements and on th 
quality of the scales and the measuring tape 
It seems injudicious to demand an exae 
formula in a calculation from inexact figures 
Finally, it has been mentioned that For. 
mula 5 is valid only above 0.8 m?. In th 
range 0.8—1.0 m? however, the deviatios 
from Du Bois & Du Bois’ formula as well a: 
from the diagram of Sendroy & Cecchini 
comparatively large. For that reason Formuk 
5 is recommended only for subjects with % 
calculated area larger than 1.0 m?. If, fo 
a small subject, the total of height and weig 
is smaller than 160 the diagram of Sendroy 
& Cecchini or the formula of Boyd (1935, 
should be used, viz.: 


A=3.207 X H0-3 X W0-7285—0.0188 log W (Q) 

/ 

(where A, H and W are in terms of cm? 
cm and gm, respectively). ‘ 
b 


SUMMARY 


1. A simple formula suitable for the men 
tal arithmetic of the human body surface 
area is presented (Formula 5). 

2. The formula gives values for the sur 
face area which closely agree with thos 
found by direct measurements on individual 
above 0.8 m?. 

3. The formula gives values which extre 
mely seldom deviate more than + 5 per cen 
from those found with the generally accepte 
formula of Du Bois & Du Bois or the mor 
modern diagram of Sendroy & Cecchini. 

4. The formula is recommended for clin: 
cal purposes and only for subjects with 
calculated surface area larger than 1.0 m2. 
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The technical difficulties involved in the 
measurement of colloid osmotic pressure 
have limited the number of clinical investi- 
gations. There has been no method suitable 
for serial studies. Existing methods are based 
on the compensation of colloid osmotic “suc- 
tion’”’ of water by a counterforce of known 
magnitude. 

In the method reported on in the present 
article osmotic “suction” is compensated by 
hydrostatic pressure which is easy to adjust. 
When the colloid solution “sucks” water to- 
wards itself through the semipermeable mem- 
brane, the meniscus moves in the osmometer 
capillary tube. This is observed with the aid 
of a microscope and an endeavour is made 
to establish equilibrium through hydrostatic 
counterpressure to make the fluid level sta- 
tionary so as to prevent any flow of the fluid 
through the membrane. 

The method has proved particularly ser- 
viceable for the comparison of two colloid 
solutions. The osmotic differences on the 
opposing sides of the semipermeable mem- 
brane are not very great with this set-up and 
it is easy to establish equilibrium as the 
hydrostatic force can be made either positive 
or negative. The counterpressure principle 
introduced by Tammann (1898) and employ- 
ed subsequently in several osmometers is 


applied in this method. Autio’s method 0 
determination (1955) is applied to the exten 
that the colloid solutions on both sides of th 


‘ 


membrane are used. 


METHODS 
Equipment 


The equipment employed is illustrated diagram 
matically in Fig. 1 and 2. 

The osmometer used, of the type introduced b 
Holm-Jensen (1949), consists of an 18 cm lon 
capillary tube of glass. One end widens out to forr 
an osmometer chamber with a capacity of 03 CC 
The open lower end is sealed with a nitrocellulos 
membrane. In the method reported on the osmo 
meter is used with the chamber and membran 
turned upwards. If at least 4—5 osmometers ar 
available it will not be necessary to rely on jus 
one or two serviceable membranes. 

The focal point of the osmometer is semiper 
meable nitrocellulose membrane such as Holm 
Jensen (1949) used except that it is a little thinners 
The osmometer is dipped into the membrane solu 
tion three times instead of four, thus increasin. 
permeability. After the fresh membranes have drie 
overnight in a refrigerator they are immersed ii 
water and the permeability to water is measure 
prior to use by determining the so-called minut 
number, 7?.¢e. by examining the velocity at whic 
water filters through the membrane under a give 
pressure in a given time. This requires a pressur 
bottle furnished with a manometer tube the struc 
ture and use of which are explained in the publica 
tion by Holm-Jensen (1949). In his method th 
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1. Osmometer attached to the microscope. 
fembrane and the drop of fluid outside. 2. Fluid 
1 in the osmometer capillary tube. 3. Rubber 
ube connecting the osmometer to the known 

pressure. 


est minute number of serviceable membranes is 
6. In the method introduced in the present ar- 
- the pressures on the membrane are so small 
it is possible to use membranes which are more 
neable and so expedite measuring. Membranes 
1 a minute number of 50—70 proved the most 
able. No passage of the colloids via the mem- 
1e to the wrong side has yet been observed in 
e€ membranes, a danger attaching to the use of 
ily permeable membranes. 

‘he osmometric chamber and a part of its in- 
yorated capillary are enclosed in a spacious 
cer, the air space of which acts as a thermostat. 
beaker is 7.5 cm in diameter, 9 cm deep. Two 
n diameter holes are bored in its walls, opposite 
another, 3.5 cm from the bottom. The samples 
he membranes are changed during the measur- 
process through these apertures and they are 
used for washing the membrane by means of 
lary pipettes. The apertures are sealed with ad- 
ye plaster. 
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Fig. 2. A diagram of the equipment used: 1 stand 
on which the graduated scale is drawn — 2 hydro- 
static glass tube containing water — 3 stand to hold 
the glass tube —- 4 rubber tube connecting the glass 
tube to the osmometer capillary — 5 beaker with 
the osmometer inserted — 6 pipette, pushed through 
the hole in the beaker and into the drop on the 
membrane — 7 microscope on which the osmometer 
capillary is mounted and in the middle of which is 
the microscope tube. 


The mouth of the beaker is sealed with a cork 
which has a hole to take the osmometer capillary 
and a circular drain is hollowed out on its inner 
surface. The drain is kept filled with water during 
the measuring so that saturated steam pressure is 
maintained inside. This prevents the drop on the 
membrane from being distilled into the air space. 

The microscope is adjusted to horizontal and the 
osmometer and beaker protecting it are fixed in 
position with equipment as shown in Fig. 1. 
The osmometer is thus positioned vertically, with 
the beaker bottom and membrane upwards. The 
magnification of the microscope is 10 X. Observa- 
tion of the movement of the fluid level in the 
capillary requires a micrometer scale in the ocular. 
(A micrometer ocular is also needed for determina- 
tion of the minute numbers of the membranes.) If 
the microscope stand tends. to move downwards 
automatically under the weight of the osmometer 
apparatus it must be steadied. It should move only 
when the regulating screws are turned since other 
movement might be mistaken for flow of the liquid 
level. 

The glass tube which produces the hydrostatic 
compensation is connected tightly to the osmometer 
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capillary by a rubber tube. The ends of the glass 
tube are bent as shown in Fig. 2 and the tube is 
filled with water. Some surface-active substance 
(e.g. quaternary ammonium compounds) must be 
added to the water to make it move readily with 
the slightest changes in the position of the tube. 
The length of the glass tube is about 95 cm, dia- 
meter 1 cm. This is sufficient for the measurement 
of the colloid osmotic pressure of serum but if 
considerably greater pressures of water, over 60 cm, 
are to be measured the tube must be lengthened. 
The difference in the height of the water levels in 
the arms of the tube can be adjusted as desired 
changing the position of the tube and this known 
pressure affects the fluid level inside the osmometer. 
The tube is fixed on a stand and a counterweight 
keeps it balanced and readily movable. On the tube 
arms is a mark up to which the tube is filled. The 
tube rests lightly on another stand. 

The graduated scale is fixed to this second stand. 
On it can be read the deviation in cm between the 
fluid levels when the tube is in different positions. 
The scale is drawn by measuring the difference 
between the levels at 1 cm intervals. A mark is made 
on the glass tube at the point where the tube is 
horizontal on the scale. There is a mark in the 
osmometer at the 15 cm point in the capillary and 
it is to this mark that the osmometer should be 
filled. This 15 cm hydrostatic pressure affects the 
meniscus in the capillary. This can be taken into 
consideration when drawing the scale and the 0 
point can be marked 15 cm above the horizontal 
plane of the tube. Upwards of the 0 point the 
graduations are preceded with the symbol — and 
downwards with the symbol +. (Taking into ac- 
count the colloid osmotic pressure of the liquid on 
the membrane, it is to be noted that the greater 
this pressure the lower down the scale the hydro- 
static glass tube must be moved, 7. ¢. in the + direc- 
tion, aS compensation.) 

Capillary pipettes, with a long point, are required 
to change the drop on the membrane. 


Colloid osmotic pressure measurement 


The method described has been used experiment- 
ally to measure the colloid osmotic pressure of dex- 
tran, albumin and serum. There is probably nothing 
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in principle to prevent the similar measurement of 
other colloid solutions. 1f several samples are to be 
examined it helps measuring accuracy and speed of 
work to select a sample with which the others can 
be compared. The osmotic pressure of this compara- 
tive sample can then be measured against an electro- 
lyte solution if necessary. 


Preliminary measures 


Care must be taken to ensure that the water 
levels in the arms of the hydrostatic tube reach 
to their marks when the tube is horizontal, 1. 
when the mark on the horizontal part of the tube 
coincides with —15 on the scale. If several samples 
are to be examined the one chosen as the “control 
sample” should be the one for which the solution 
is available in the greatest quantity, 0.5 cc or more. 
Smaller quantities are sufficient for the othe 
samples. If the sample volume is less than 1 cc the 
osmometer is filled by pipetting the fluid wia the 
side tube after the inside of the osmometer chambet 
has first been rinsed with a few drops of the solu 
tion under examination and the washing solution 
has been removed by suction via the capillary. If ¢ 
more generous quantity of the sample is available 
the quickest way of filling the osmometer is t 
immerse it in the solution held in a sufficiently 
large test tube and to suck the solution from the 
end of the capillary tube through the side tube in 
the osmometer chamber. By tilting and applying 
suction carefully through the capillary the liqui 
level should be adjusted as closely as possible to th 
mark made at the 15 cm point. Surface tension i 
lowered in the capillary by moistening the liqut 
with a horsehair dipped in octyl alcohol. Thi 
measure may also be used if air bubbles tend t 
form in the osmometer chamber. The side tube 1 
sealed with an air-tight rubber cap (e.g. a severe 
cystoscope stopper).. The osmometer capillary i 
pushed through the stopper of the beaker and con 
nected by means of a tight rubber tube to th 
“hydrostatic” glass tube. Before this is done, th 
tube must be lowered below the horizontal plan 
until the water levels in the arms of the hydrostati 
tube are even when the rubber tube is tightly in if 
place at the end of the capillary. With this dor 
the osmometer is fixed in position on the miert 
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so that the spring plate of the microscope 

on the rubber tube encasing the end of the 
ary. The capillary is fixed in position e.g. with 
ip of adhesive tape close to the upper edge of 
tand. The fluid level in the capillary is adjusted 
re height of the objective. 
he membrane is washed with the same solution 
‘is contained in the osmometer, dried, and the 


P solution as is inside is pipetted onto the mem- 
e so that the drop covers the membrane as a 
le. The colloid concentration at this phase is 
equently the same on both sides of the mem- 
e. The drain in the stopper is filled with water 
the beaker placed in position. The edges of the 
per may be smeared with vaseline. The gap 
uining between it and the bill of the beaker 
ents overpressure from originating inside. 
efore the measuring commences the 0 point is 
rmined, 1. e. the position of the hydrostatic tube 
1 there is the same solution on both sides of the 
sbrane. li the fluid level in the capillary is at 
15 cm point it should settle motionless when the 
-ostatic tube is at the 0 point, 7. e. the weight of 
column of liquid in the capillary is compensated 
the colloid osmotic pressures on either side of 
membrane are identical. The point of equili- 
m is not always the theoretical, viz. the 0 point 
he scale. This is why the 0 point must always 
letermined prior to measuring, 7. ¢. a note must 
jade of the reading on the scale for the hydro- 
¢ tube when the capillary meniscus is steady and 
solution on both sides of the membrane is the 
e. It is important that this phase of the ex- 
ment is carried out with sufficient care and that 
45 minutes be expended on it. When the move- 
t of the liquid in the capillary has been stopped 
shifting the hydrostatic tube in the necessary 
ction, and when the level has remained steady 
5 minutes it is necessary to make sure that the 
ction of movement of the liquid changes when 
hydrostatic tube is moved from the position of 
librium 2 mm upwards or 2 mm downwards. 
state of equilibrium is noted and the change 
evel of the liquid in the capillary in one direc- 
or another from the 15 cm point is checked; 
value is also noted. 


Measurement technique 


The solution on the membrane is removed by 
suction with a capillary pipette. The membrane is 
washed several times with the solution under ex- 
amination and sucking dry between washings. The 
solution under examination is then pipetted as a 
drop covering the membrane, and the apertures of 
the beaker are sealed with a piece of adhesive tape. 
There are two apertures so that when the mem- 
brane is washed and the drop changed one pipette 
can be held in each hand. A slight movement of the 
liquid level will be observed under the microscope. 
This is due to small temperature changes, but ceases 
in a couple of minutes. The glass tube is allowed 
to stand for about 5 minutes, whereupon it is moved 
in the required direction to a position where the 
level of the liquid remains steady. If the balance 
does not seem secure two positions are searched for, 
one of which causes an ascending the other a de- 
scending movement. The time required is 10—15 
minutes and the equilibrium established is normally 
such that movement of the glass tube by 2 mm in 
either direction on the scale causes a corresponding 
change in the movement of the level of the liquid 
in the capillary. The deviation of the colloid os- 
motic pressure of the drop under investigation from 
the pressure prevailing inside can now be read from 
the scale. A new sample can then be placed on the 
membrane. It is thus possible to make some four 
determinations in an hour. If the 0 point deviated 
considerably from the theoretical 0 point, some of 
the serum sample in the osmometer can be re- 
introduced onto the membrane making sure that 
the 0 point coincides with its position at the outset. 
Tf this does not happen it is an indication that suf- 
ficient time has not been allowed for the establish- 
ment of equilibrium in determining the 0 point in 
the preliminary phase. 

If the measurements are to be concluded by 
measuring the “absolute” colloid osmotic pressure, 
a drop of physiological saline solution is placed on 
the membrane after careful washing. The colloid 
solution now begins to suck water into the osmo- 
meter. This must be compensated immediately and 
the state of equilibrium sought. 
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MEASUREMENTS 
750 colloid osmotic pressure measurements 
were carried out with the method reported. 


Serum measurements 


40 normal sera were examined by measur- 
ing the colloid osmotic pressure against 0.9 
per cent saline solution. The values were 
23.5—47 cm of water pressure. The mean, 
34 cm of water pressure or 25 mm of mer- 
cury, corresponds to the values obtained by 
other methods ; according to most investiga- 
tors they range between 33 and 36 cm of 
water pressure (Bennhold et al. 1938). 

64 serum samples were examined, from 
patients whose serum showed no protein 
changes. The colloid osmotic pressure was 
measured according to the comparative me- 
thod and a parallel electrophoretic protein 
analysis was made of some of the samples. 
The intention was to find the correlation be- 
tween the serum proteins and the colloid os- 
motic pressure, as measured by this method, 
in certain conditions. The results will be re- 
ported in another connection. An example is 
given in Fig. 3 which shows the simultaneous 
change in the albumin, total proteins and in 
the colloid osmotic pressure when 50 per cent 
glucose solution was injected into the test 
person and the blood samples were drawn 
in the course of 1.5 hours. 

As the main emphasis was on the relative 
measurements, 7. e. on eliciting colloid os- 
motic pressure differences, the majority of 
the measurements were performed by com- 
paring two serum samples (520 measure- 
ments). A comparison of serum dilutions 
showed that it is possible to distinguish be- 
tween two samples if the difference of their 
colloid osmotic pressure is 1 cm of water 
pressure or The 


more. method was also 
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Fig. 3. Changes in serum proteins and colloid 
motic pressure after infusion of 50 per cent 
glucose solution. 
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checked by comparing samples of the “cor 
trol serum” during one and the same te: 
several times in different order. The result 
proved reliable provided that the 0 point hat 
been determined carefully at the beginnin; 
of the tests. 

: 

Macrodex measurements 


The colloid osmotic pressure of Macrode: 
solutions of different concentrations wa 
measured against 0.9 per cent saline solutio: 
and the results were compared with value 
obtained by the Holm-Jensen method. A 
will be seen from Fig. 4, the results obtaine 
are fairly consistent with the values given b 
the Holm-Jensen method. The same opinio 
was arrived at, however, as expressed b 
Neidhardt (1955), viz. that the Macrode 
preparation used contains so many sma 
molecules which permeate the membrane the 
the accurate measurement of its absolute co 
loid osmotic pressure is difficult. The value 
given were obtained in the course of 1 hou 
of measuring work, during which time mo: 
of Macrodex passing through the membran 
had time to permeate. This is why it has ne 
yet been possible to use Macrodex as a con 
mon “comparative colloid’. 
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4, Colloid osmotic pressure of Macrodex solu- 
tions + the method of Holm-Jensen 
O present method. 


Albumin measurements 


he colloid osmotic pressure of serum 
min was studied by this method and the 
iits were compared with the values ob- 
ed by the Holm-Jensen method. The 
tion series was prepared by dissolving 
min (Fraction V from bovine plasma, 
nour Laboratories) in 0.9 per cent saline 
tion. The measurements were performed 
1 against 0.9 per cent saline solution to 
rmine the “absolute values’ and by 
paring albumin solutions of different 
ngths. Fig. 5 gives the results. Although 
measurements performed with different 
tions are not fully comparable, it will be 
-d that the course of the curve is essenti- 
the same as that of the curve obtained by 
Holm-Jensen method. 

feasurements were also made of glucose 
saline solutions of different strengths to 
| suitable membranes and the necessary 
suring times. The glucose diffusion 
igh the membranes employed will be re- 
ed on in another connection. 
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Fig. 5. Colloid osmotic pressure of different albu- 
min solutions +-----+ the method of Holm- 


Jensen, +....+ the method of Autio, 
Oo oO present method. 


DISCUSSION 


Biological colloid solutions usually contain 
particle sizes ranging from crystals to macro- 
molecules. For osmotic pressure, information 
should be available on the membrane used in 
the measurement and on the measuring time. 
The result depends on these factors. With 
the present method the aim was to produce 
already at the beginning of the measurement 
the best possible diffusion equilibrium for 
the water and the particles permeating the 
membrane on either side, 7. e. to produce 
Thus the 


aim is to compare similar solutions. This will 


small concentration differences. 


disclose rapidly and accurately even small 
deviations in the colloid osmotic pressure. 
A better idea is obtained of the difference 
between the colloid osmotic pressure of two 
sera by comparing them directly with one 
another than by comparing each of them 
separately with the electrolyte solution. The 
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most troublesome point of the method so far 
is the determination of the 0 point. In a state 
of hydrostatic equilibrium the glass tube does 
not always coincide with the 0 point. It may 
deviate a couple of cm in ome direction or 
another. This does not happen if there is 
water on both sides of the membrane or 
saline solutions of the same strength. Hence 
it is a property associated with colloids and 
dependent also on the membrane, but just 
how has still to be cleared up. 

Rapidity and accuracy of performance, 
especially in serial studies, may be regarded 
as the advantage of the method introduced. 
It would obviously be useful to have a re- 
liable “standard colloid” against which all 
the measurements could be compared. This 
would increase the serviceableness of the 
method because the “absolute” values of the 
colloid osmotic pressure would be more com- 
parable. There is nothing in principle to pre- 
vent measurement of “absolute” colloid pres- 
sure by the method introduced, e. g. against 
saline solution. The results given by the 
serum, Macrodex and albumin measurements 
are similar to those obtainable with other 
methods. 
equipment needed is relatively simple and 
cheap. 


Except for the microscope, the 


SUMMARY 
A method for the measuring of colloid 
osmotic pressure is reported. In the method, 
colloid osmotic suction is compensated by an 
easily adjustable hydrostatic counterpressure. 
The compensation required is discovered by 
observing microscopically the flow of the 
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liquid in the osmometer 
method thas proved very suitable for t 
direct comparison of colloid solutions whe 
there is colloid on both sides of the men 


brane and the osmotic differences on eithe 


capillary. T 


side of the membrane are small. The quat 
tity of solution needed for the measuremer 
is about 0.5 cc. If several samples are to b 
examined the first measurement takes abot 
1 hour, the following some 15 minutes. Th 
accuracy is about +0.5 cm of water pressur 
A total of 750 serum, Macrodex and ba 
measurements were carried out. The mea 
of the colloid osmotic pressure of 40 norms 
sera was 33 cm of water pressure, the sam 
as the result achieved by most investigator 
using other methods. Macrodex and album 
measurements gave essentially the same r 
sults as the Holm-Jensen method. Speci: 
attention is drawn to the necessity of en 
phasising the decisive significance of tt 
membrane used and the measuring tin 
when “absolute’’ colloid osmotic pressure 
are in question. - 
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PREPARATION OF CRYSTALLINE PORPHYRIN ESTERS 
OM PORPHYRIA URINES AND NORMAL HUMAN URINE 
| By T. K. WITH 


From the Central Laboratory, Svendborg County Hospital, Denmark 


(Received for publication February 2, 1958) 


Nhile preparation of porphyrins from 
mes with high porphyrin content is rela- 
sly simple, it is difficult from urines with 
er porphyrin concentration to which be- 
g most porphyria urines. Thanks to access 
unlimited amounts of bovine porphyria 
ne the author has been able to work out 
method for preparation of porphyrins in 
-e condition from less concentrated por- 
yria urines, and the technic has recently 
n published in detail (With, 1958). In the 
‘sent paper the use of this method, origi- 
ly worked out for large scale preparation 
hh 10—20 1 bovine porphyria urine, on 
}—2000 ml portions of human porphyria 
ne as well as on 20 litre portions of nor- 
i human urine, is described. For all the 

porphyria urines studied the Walden- 
om esters were isolated in crystalline con- 
ion, and from the normal urine both uro- 
1 coproporphyrin were prepared in cry- 
line condition. 


METHOD 


tere only a brief summary is given, for details 
reader is referred to With (1958). 
The urine is acidified to pH ca. 2 with HCl and 
<ed through a 2—5 mm thick layer of talc. Then 
porphyrin is eluted with HCl-acetone (1/9, v/v) 
subsequently precipitated by addition of about 
nl 25 per cent NHs per litre of eluate, cautiously 
ed in small portions. The precipitate is collected 


on a filter, dried, esterified with H2SO.a/methanol 
(1/20, v/v), extracted with CHCls, washed, dried 
and evaporated. Then follows purification chro- 
matography on MgO from CHCls (pharmacopoica 
quality) and next chromatography on AlzOs (grade 
IV) from benzene/CHCls(9/1, v/v) to separate uro- 
and coproporphyrins. The crystallization was per- 
formed on a boiling water bath from CHCls/- 
methanol (uroporphyrin) or CHCls/petrol ether 
(coproporphyrin). All steps of the procedure were 
followed by watching the fluorescence with a lamp 
standing on the bench (With, 1957). With normal 
urine the red fluorescence first appeared during the 
chromatographic procedures because the impurities 
quench the fluorescence. 

The methods used for analysis of the purified 
preparations are all described in detail in a previous 
paper, (With, 1958). 

The analytical methods used for urine were for 
porphobilinogen (PBG) that of Rimington, Krol 
& Tooth (1956), for uroporphyrin that of Dresel, 
Rimington & Tooth (1956), for coproporphyrin that 
of Schwartz, Zieve & Watson (1951). 


MATERIAL 


The normal urine employed consisted of mixed 
portions from selected patients from the medical 
wards of Svendborg County Hospital, 7. e., cases 
with various neuroses, non-infectious diseases of the 
locomotor system, and uncomplicated peptic ulcer. 
Two preparations each from ca. 20 | urine were 
performed. 

The so-called Waldenstrom esters — i.e., the 
uroporphyrin ester fractions from patients with 
acute and chronic cutaneous porphyria — were 
isolated from urines from four patients with acute 


oor 


porphyria and two cases of chronic porphyria of 
the cutanea tarda type, 300—2,000 ml being em- 
ployed in each case. 

Case I: E.S. woman aged 27, admitted to the 


County Hospital of Terndrup, Jutland, with a 
severe, fatal attack of acute porphyria. The urine 
from which the Waldenstrom ester was isolated 
(PBG)) 13:79 mem per 
100 ml, coproporphyrin (CP) 0.169 and uropor- 
phyrin (UP) 4.40 mg per 100 ml. 


Gase 2: 


contained porphobilinogen 


T. T., woman aged 33, admitted to the 
County Hospital, Brestrup, Jutland, with an attack 
of acute porphyria with abdominal and nervous 
symptoms. The urine from which the Waldenstrom 
ester was isolated contained PBG 26 mg per 100 ml, 
CP 0.123 and UP 0.610 mg per 100 ml. 

Case 3: K.P., woman aged 34, admitted to the 
County Hospital, Varde, Jutland, with an attack 
of acute porphyria with abdominal symptoms. The 
urine from which the Waldenstrom ester was 1so- 
lated showed PBG 19.6 mg per 100 ml, CP 0.075 
and UP 0.150 mg per 100 ml. 

Case 4: P.J., man aged 25, admitted to the 
Medical Department N., Copenhagen County Hos- 
pital, Gentofte, with acute porphyria of the nervous 
type with tetraplegia. The urine from which the 
Waldenstrom ester was isolated showed PBG 29.4 
mg per 100 ml, CP 0.268 and UP 1.00 mg per 
100 ml. 

Case 5: A.H., man aged 46, admitted to the 
Dermatological Department of the Finsen Institute, 
Copenhagen (Pt. no. 332113), suffering from a light 
dermatosis of the face and hands accompanied by 
hyperpigmentation. He denied any addiction to al- 
cohol. The urine from which the Waldenstrom 
ester was isolated showed PBG 0.29 mg per 100 ml, 
CP 0.086 and UP 2.60 mg per 100 ml. 

Case 6: S.R., man aged 41, admitted to the Der- 
matological Department of the Finsen Institute, 
Copenhagen (Pt. no. 323468), suffering from an 
atypical dermatosis partly resembling discoid lupus 
eryihematosus and partly multiform erythema. He 
admitted addiction to alcohol. The urine from which 
the Waldenstrom ester was isolated showed no 
PBG, CP 0.065 and UP 0.352 mg per 100 ml. 


RESUELRS 

The technique was found to work we 
both with normal human urine and porphyri 
urines, but during the work with the forme 
Wood's light was useless as a guide duri 
the first parts of the procedure because th 
red fluorescence of the porphyrins here was 
completely quenched. All the urines studi 
exhibited large amounts of brown nom-po 
phyrin pigment in the raw ester, and during 
the chromatographic procedures this formed 
numerous brownish zones above the por 
phyrin zones, a feature which became espe 
cially well established on chromatography on 
AlsO3 of esters which had been partly liber 
ated from non-porphyrin material on previ 
ous purification chromatography on MgO, 

During the chromatography of the esta 
from normal urine on AleOs it was clearly 
visible in Wood’s light that they consisted of 
a larger fraction of coproporphyrin and 2 
smaller one of uroporphyrin, but nevertheless 
it was very difficult to obtain the copropor: 
phyrin in crystalline condition while it was 
easy to crystallize the uroporphyrin fron 
the chromatographically purified urofractior 
using hot CHCls/methanol. The uroporphy 
rin crystals (Fig. 1) were numerous enougl 
to be subjected to washing with methanol by 
centrifugation and showed m.p. 287—290° ¢ 
corresponding to nearly pure uroporphyrin I 
No coproporphyrin crystals were obtained bi 
attempts at crystallization from hot CHCls 
methanol from the first portion of norme 
human urine studied ; here crystals were firs 
formed on complete evaporation of the sol 
vent, and they were consequently contami 
nated with greasy material (Fig. 2) and thu 
not fit for accurate determination of the m4 
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was, however, clearly visible that molli- 
ition took place at about 160° C and com- 
e liquefaction at about 190° C although 
re-solidification was obtained because of 
ich the characteristic double melting point 
coproporphyrin III could not be ascer- 
red. The low melting point found is, how- 
r, in itself suggestive of a high content 
coproporphyrin III. In the case of the 
ond portion of normal human urine a few 


iPr, By 


coproporphyrin crystals formed on freezing 
the CHCls/methanol solution before it was 
completely evaporated, and they were col- 
lected on a paper filter and washed with 
methanol. These crystals formed the rosettes 
of prisms characteristic of coproporphyrin 
III (Fig. 3), but did not allow of melting 
point determination because they were im- 
possible to separate from the paper. 


In the case of the normal urines the luti- 
dine chromatography only showed very small 
amounts of 3- and 7- carboxyl porphyrins 
in addition to copro- and uroporphyrin. 

The uroporphyrin fractions from the 
AlzOs-chromatography of the porphyria 
urines contained in all the cases by far the 
larger part of the porphyrins present and 
showed an e-band of 625 my in the Hart- 
ridge reversion spectroscope. The porphyrin 
was easy to obtain in crystalline condition 
from hot CHCls/methanol, and the hydro- 
lysed esters were all found to consist of 
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practically pure uroporphyrin on lutidine 
paper chromatography. On micro melting 
point determination the following m.p. were 
found: Case 1 255—262° C, case 2 257— 
260° C, case 3 246—251° C, case 4 256— 
259° GC, case 5 245—255° C, case 6 247— 
253° C, the first figures designating the be- 
ginning of the melting (mollification), the 
second its completion (liquefaction). All 
these melting points are characteristic of 
Walden'strom esters. 


DISCUSSION 

The large amounts of 'non-porphyrin pig- 
ment found both in normal and porphyria 
urines are worthy of note, and it is interest- 
ing that already Fischer & Zerweck (1924) 
found these pigments in normal urine and 
urine from a pronounced case of human 
congenital porphyria. These authors stressed 
that the concentration of non-porphyrin pig- 
ments was roughly parallel to the porphyrin 
concentration and that the non-porphyrin 
pigments of their porphyria urine chemically 
were at least very closely related to the non- 
porphyrin pigments of normal urine. These 
brown non-porphyrin pigments are most 
likely dipyrrole pigments, so-called fuscins 
(cf. With, 1954) and including urochrome B 
(Stich & Stark, 1953). Further, the non- 
porphyrin pigment porphobilin (Walden- 
strom & Vahlquist, 1939), which is a dipyr- 
role, belongs here. 


It is of great interest that Watson (1956) recently 
has mentioned some observations of his group sug- 
gesting that these pigments cannot be hemoglobin 
disintegration products but are byproducts of the 
porphyrin synthesis. Normal subjects were fed 
N1>-glycine and the stercobilin- and mesobilifuscin- 


fractions were isolated from their feces. It was 


found that all the N45-containins mesobilifus 

was found in the feces collected during the fir 
week after the glycine feeding and none in tho: 
collected after about 120 days; for stercobilin off 
a minor fraction of the N‘5-containing material wa 
found in the former fraction, the bulk being in a 
later corresponding to the hemoglobin breakdo 


Our most remarkable finding is that th 
uroporphyrin of normal urine is predomi 
nantly uroporphyrin I while the copropo: 
phyrin is mainly coproporphyrin IIT. Bt 
this unexpected finding is in good agreeme 
with the few earlier studies bearing on thes 
questions. Thus Lockwood & Bloomfiek 
(1954) who isolated crystalline uroporphyri1 
from normal urine, although with a consider 
ably more complicated technique than tha 
described above, also found uroporphyrin 1 
The evidence available on the type of copro 
porphyrin present in normal urine is discus 
sed by Comfort, Moore & Weatherall (1954) 
who conclude that coproporphyrin III pre 
dominates ; further both Brugsch (1952) am 
Kench, Lane & Varley (1952) isolated crys 
stalline coproporphyrin from the urine o 
lead-exposed human subjects and found tha 
coproporphyrin III dominated. The forme 
isolated typical coproporphyrin III in crys 
talline condition from three cases of lea 
poisoning while the latter isolated both copro 
porphyrin III and I as crystalline esters fror 
a mixed pool of 42 litres of urine from seve: 
lead-exposed workers. About 70 per cent o 
the coproporphyrin present was copropor 
phyrin III. Comfort et al. (1954) who stud 
ied the porphyrins present in large amount 
of normal urine did not isolate the porphy 
rins in crystalline condition, but with lutidin 
chromatography they demonstrated the pre 
sence of very small amounts of porphyrin 


5, 6, and 7 carboxyl groups. With this 
hod we were only able to trace porphyrins 

3 and 7 carboxyl groups and those with 
copro-) and 8 (uroporphyrin). 
The m.p. of the Waldenstrom esters varied 
m 245°—262° corresponding to a content 
‘either 20—40 per cent or about 80 per 
't uroporphyrin I according to Nicholas 
Rimington (1953, Fig. 1). It is noteworthy 
t the esters isolated with the technique 
ccribed all consisted of practically pure 
~porphyrin. Further it is to be pointed out 
t the main porphyrin of the urine in our 
» cases of chronic (cutanea tarda) por- 
Tia was uroporphyrin, as found by Cani- 

& Rimington (1953) in 8 similar cases. 
is fact is in disagreement with the recent 
posal of Waldenstrém (1957) to call this 
sn of porphyria “protocoproporphyria’’. 


SUMMARY 
A procedure previously developed for iso- 
cin. of crystalline porphyrins from large 
antities of bovine porphyria urine was 
md to work well with human porphyria 
nes as well as with large quantities of 
rmal human urine. Crystalline uropor- 
yrin isolated from the latter was found 
be uroporphyrin I while coproporphyrin 
lated from the same source was mainly 
yroporphyrin III. These findings are in 
»d agreement with the few earlier studies 
1ring on the same problems. The Walden- 
Om esters were isolated in crystalline con- 
ion from 300—2000 ml portions of urine 
yn four cases of acute intermittent and 
» of chronic (cutanea tarda) porphyria and 
ind to consist of practically pure uropor- 
yrin with either 20—40 per cent or about 
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80 per cent uroporphyrin I. The proposal of 
Waldenstrom to call the latter type of por- 
phyria “proto-coproporphyria” is thus mis- 
leading. 
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ce the initial report of LaDue, Wro- 
2 & Karmen (1954) on the striking 
sient elevation of serum glutamic-oxal- 
ic transaminase activity (SGO-T) in 
e myocardial infarction, much interest 
been aroused in the SGO-T level as a 
mostic aid. Marked elevation of SGO-T 
yity has also been demonstrated in a 
ety of diseases of the liver and bile ducts. 
r references see: Mason & Wrobléwski, 
7; Conrad, 1957.) 
everal investigators have studied other 
wm enzymes such as glutamic-pyruvic 
saminase (SGP-T) and lactic dehydro- 
se (SLD). As the concentrations of dif- 
mt enzymes vary in different organs, 
r relative proportions in the serum give 
e information concerning the organ 
th is affected. 
| the increase in the enzyme activities in 
m were due only to an escape from the 
otic cells, it might be suspected that the 
yortions between the different enzymes 
srum in cardiac and hepatic injury should 
bout the same as in cardiac and hepatic 
ie. The purpose of this investigation was 
udy the proportions between the enzymes 
erum and tissue extracts. 
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COMPARISON BETWEEN THE ENZYME PATTERNS 
(GO-T, GP-T, LD) IN SERUM AND TISSUE EXTRACTS 
IN CARDIAC AND HEPATIC DISEASES 
By S. LINDE 
From the Central Laboratory, Centrallasarettet, Vdsterds, Sweden 


(Received for publication March 14, 1958) 


METHODS 


Serum glutamic-oxalacetic transam:nase(SGO-T) 
was determined by Ordell’s modification (1958) of 
the method of Karmen (1955). 

Serum glutamic-pyruvic transaminase (SGP-T) 
was determined by Ordell’s modification (1958) of 
the method of Wrobléwski & LaDue (1956). The 
units are equivalent in Ordell’s modification and in 
the original methods. 

In the determination of serum lactic dehydro- 
genase (SLD) the method of Wrobléwski & LaDue 
(1955) was used with some modification. 

Our samples were analysed on the same day that 
they were taken. Hemolysis must be avoided be- 
cause the LD activity in the red cells was found to 
be about 200 times higher than in the serum. 

The determination of enzyme activity in different 
organs was made after homogenisation in cold sa- 
line, centrifugation for 5 min. at 2000 rpm and 
filtration through porcelain filters. 

Normal controls: Forty assays of the serum 
activity from forty healthy blood donors showed 
the following mean values which have been taken 
to be the normal ranges. 


SGO-T 20+ 11 units per ml ( 6— 35) 
SGP-T 24+ 9 units per ml ( 8— 37) 
SED 260 = 100 units per ml (80—400) 


RESULTS 
Acute myocardial infarction 


In 32 cases of myocardial infarction the 
SGO-T, SGP-T and SLD activities were 
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Fig. 1. The average maximal increase in the serum 


enzyme activities in 32 cases of myocardial infarc- 
tion and the average enzyme activities in healthy 
striated muscle tissues from 10 human beings. 


determined. In agreement with Wroblewski 
& LaDue (1956), Wrobléwski, Ruegsegger 
& LaDue (1956) and Chinsky, Schmagra- 
noff & Sherry (1956) we found an increase 
of the SGO-T and SLD activities in all cases 
while the SGP-T activity was normal or 
only slightly increased. 

The enzyme activities in tissues soon de- 
crease after death and the samples for tissue 
analysis must therefore be taken before or 
immediately after death. As fresh heart 
muscle is not so easy to obtain the enzyme 
activities have been determined in saline ex- 
tracts from healthy striated muscles. The 
samples were taken from the abdomen in 10 
patients undergoing operations. As seen from 
Fig. 1 we found that the proportions of the 
different enzymes in the muscle tissue ex- 
tracts corresponded fairly well to the pro- 
portions of the enzymes in the serum in 
cases of myocardial infarction. The serum 
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Fig. 2. The average maximal increase in the ser 
enzyme activities in 22 cases of epidemic hepatit 
and the average enzyme activities in healthy hepat 

tissues from 10 human beings. 
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activities reported in this figure are 
average maximal increase of each enzymi 


Epidemic hepatitis 

In epidemic hepatitis an increase of bo 
the SGO-T and SGP-T is the most typice 
change in the enzyme pattern. In 19 out o 
22 cases the increase of SGP-T was mor 
pronounced than that of SGO-T wherea 
the increase of SLD was relatively slight 
This is in accordance with the findings o 
Wrobléwski, Friend, Nydick, Ruegsegger & 
LaDue (1956). The proportions between th 
different enzymes were about the sam 
throughout the course of the hepatitis. 

The samples for tissue analysis were take: 
during operations from 10 patients withou 
hepatic diseases. Fig. 2 shows the averag 
maximal increase of the different enzyme 
of serum in 22 cases of epidemic hepatiti 
in relation to the enzyme activities in health 
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3. The average maximal increase in the serum 

ne activities in a rabbit receiving carbon tetra- 

ide and the average enzyme activities in hepatic 
tissues from 6 normal rabbits. 


an hepatic tissue. In contrast to the find- 

in myocardial infarction, the propor- 
; of the enzymes in serum in hepatitis do 
correspond to the proportions in hepatic 
1 extracts, where the SGP-T activity is 
h less than the SGO-T activity. 


Liver poisoning 


1 order to study the discrepancy in the 
yortions between the enzymes of the 
m in hepatitis and the proportions in 
itic tissue extracts, cellular damage was 
luced in’ 8 rabbits by the instillation of 
on tetrachloride into the stomach by 
ns of a tube. The increase of the enzyme 
vities in the serum remained for only a 
days and was proportional to the dose 
inistered. In contrast to the findings in 
emic hepatitis the proportions of the 
erent enzymes in the serum in all the 


Waloike I 


SGO-T activity 


Clinical groups so 
Normal [Increased 


Chron. alcoholics without acute 


INBUKOD CANON no an ga ch Ao oe 17 1 
Chron. alcoholics with acute 
NowVOSRIKCZHNIGHL Gay cuetae so on oeee 6 4 19 


treated rabbits were about the same as in the 
hepatic tissue extracts from healthy rabbits. 
(Fig. 3.) 


Chronic alcoholism 


We have determined the SGO-T activity 
in a group of chronic alcoholics without sigins 
of cirrhosis of the liver. The results are 
shown in Table I. In those patients where 
there was no acute intoxication on admission, 
an increased SGO-T activity was found in 
only one case, whereas in those patients who 
were in a state of acute intoxication on ad- 
mission the majority showed an increase in 
SGO-T activity. In 5 patients of the latter 
group there were pathological flocculation 
reactions, which soon became normal. Other- 
wise there were no laboratory signs of liver 
damage. In all cases the increased SGO-T 
activity became normal again in a few days. 
These observations in chronic alcoholics in- 
dicate that the determination of serum trans- 
aminase activity is a very sensitive test of 
liver cell injury. 

In 7 cases in which the chronic alcoholics 
had acute intoxication the SGP-T and SLD 
activities were also determined and the pro- 
portions between the enzymes were about 
the same as in normal hepatic tissue extracts 
and in the serum of carbon tetrachloride in- 
toxicated rabbits. 
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DISCUSSION 

We have tried to correlate the relative 
proportions of the different enzymes 11 
serum with the ratios in tissue extracts. 

Rudolph, Schaefer, Dutton & Lyons (1957) 
considered that the quantitative measure of 
GO-T activity of crude saline extracts is 
liable to error, because of the fact that glu- 
tamic dehydrogenase (GD) in tissue extracts 
is able to oxidise reduced DPN (under the 
same condition as in the method employed 
by us). We have determined the GD activi- 
ties in striated muscle and hepatic tissue and 
found them to be very low in comparison 
with the GO-T activity (3—6 per cent). The 
determination was done in the presence of 
ammotiia by estimating the oxidation of re- 
duced DPN during conversion of a-ke‘o- 
glutarate to glutamate. In our opinion the 
error resulting from the presence of GD is 
negligible in the determination of the GO-T 
activity in tissue extracts. 

The relative proportions of all the esti- 
mated anzymes in striated muscle and in 
serum in myocardial infarction were about 
the same and it therefore seems reasonab‘e 
to assume that the increase of the serum 
enzymes in this disease is primarily due to 
an escape of enzymes from the necrotic 
tissue. 

The serum enzyme spectrum in epidemic 
hepatitis does not correspomd to the propor- 
tions in hepatic tissue extracts. In hepato- 
cellular injury due to carbon tetrachloride 
intoxication in rabbits, however, the propor- 
tions between the different enzymes in serum 
ainid hepatic tissue are about the same. Even 
in hepatic injury due to acute intoxication by 
alcohol the proportions seem to be the same 
in serum and normal hepatic tissue. As 


shown by Allgén (1957) there is a mud 
higher increase of the SGO-T than th 
SGP-T also in patients with delirium 
tremens. | 

In view of our findings it seems justifies 
to assume that the mechanism of the increas 


of the serum enzymes in epidemic hepatiti 
is different from that in toxic hepatocellula 
injury. We cannot yet explain this differen 
Wrobléwski, Friend, Nydick, Ruegsegger 
LaDue (1956) consider that the increase i 
the serum enzymes during hepatitis involv 
in addition to the escape of enzymes fror 
the necrotic cells, a metabolic and excretor 
abberation. 


SUMMARY 

The proportions between SGO-T, SGP~ 
and SLD in acute myocardial infarction wer 
found to be about the same as the propor 
tions of these enzymes in muscle tissu 
extracts. | 

The relative proportions between the 3¢ 
rum enzymes in epidemic hepatitis did ne 
correspond to those in hepatic tissue extract 

In rabbits where hepatic damage was ob 
tained by carbon tetrachloride intoxicatio 
and in human beings with hepatic injury du 
to acute intoxication by alcohol the propos 
tions between the differaat serum enzyme 
were about the same as in hepatic tissue. 

The difference in the serum enzyme pat 
terns in hepatocellular damage due to hepé 
titis and intoxication are discussed. 
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According to several authors the liver 
exerts an excretory function with regard to 
SGO-T. This conclusion is based on the 
findings of Chinsky, Schmagranoff & Sherry 
(1956) that fresh bile contains large amounts 
of this enzyme. According to these authors 
the elevation in obstructive jaundice may be 
explained by regurgitation of bile. In a study 
of the elevation of some DPN-linked enzy- 
mes in obstructive jaundice we also investi- 
gated the excretion of these enzymes in 
the bile. 

METHODS 

GOT was determined by Ordell’s modification 
(1958) of the method of Karmen (1955). 

The mean values and normal ranges of the 


SGO-T in forty blood donors were found to be 
20 + 11 units per ml (6—35 units) 


RESUEDS 

In gall bladder bile taken during opera- 
tions on 6 patients the GOT-activity showed 
great variations and in some cases was found 
to be more than 100 units per ml. 

In 8 patients with fistulas in): whom the 
gall bladder had previously been extirpated, 
the content of GOT in bile from the common 
duct was determined. In all cases the activity 
was low and in all cases but one did not ex- 
ceed the activity of the serum (Table I). 


Table IL 
GOT in bile from the common duct am 
serum collected from S§ patients. 


Results of determinations 


GOT in bile 
(units/ml) 


SGO-T 
(units/ml) 


In 3 cases the glutamic-pyruvic-transa 
nase and the lactic-dehydrogenase were af 
determined. The activities of these enzym 
in bile from the common duct were low 
than that of the serum. 


DISCUSSION 


Because of the low activity of the GO" 
in bile from the common duct we are of th 
opinion that the biliary elimination of th 
enzyme is negligible and also that the in 
crease in the serum enzyme activity in ob 
structive jaundice is not due to a back floy 
but rather to a hepatocellular damage caus 
ing release of the enzyme. Chinsky, Schma 
granoff & Sherry (1956) determined th 
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ity in bile taken during laparatomies in 
patients. The authors do not state exactly 

where the bile was obtained, but it has 
assumed that it was taken from the gall 
der. In our investigation the determina- 
s were made in bile from the common 
, and this fact might explain the discre- 
>y between our findings and those of 
asky et al. 
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Fibrinolytic systems of different types 
have been demonstrated in body fluids 
(Astrup, 1956 a, b). These systems differ 
especially in their content of inhibitory 
components. In continuation of previous in- 
vestigations from this laboratory the present 
paper describes the fibrinolytic systems in 
ascitic fluid, synovial fluid, cerebrospinal 
fluid, sweat and some other human body 
fluids. 


MATERIALS AND METHODS 


Body fluids were collected from human beings 
and investigated immediately or stored for later 
use at —20° C. 

The fibrinolytic activity was estimated by the 
fibrin plate method (Astrup & Miillertz, 1952). 
Since bovine fibrin contains large amounts of plas- 
minogen the activities recorded could be caused 
either by fibrinolytic enzymes or by activators of 
plasminogen, but heating the fibrin plates for 35 
minutes at 85° C destroys the plasminogen in the 
substrate (Lassen, 1952). The protease activity 
estimated on heated fibrin plates is therefore a 
measure of the content of the fibrinolytic enzymes 
only. 

The stock solution of streptokinase (Varidase, 
kindly supplied by the Lederle Laboratories) con- 
taining 1 mg/ml (in saline) was diluted 1:25 in 
barbital buffer before use. 

The stock solution of pure crystalline trypsin 
(25.4 Anson units/g, kindly supplied by the Novo 
Laboratories, Copenhagen) contained 0.25 mg/ml 
(in 0.05-N HCl) and was diluted 2:15 in the bar- 
bital buffer before use. 


Bovine plasminogen was prepared as described 
by Astrup & Sterndorff (1953). The stock solutiot 
contained 20 mg/ml. 

A highly purified preparation of the human urint 
activator (Ploug & Kjeldgard, 1956) was kindly 
placed at our disposal by L¢vens kemiske fabrik 
Copenhagen. The concentration used was 2 mg/ml 

The diethyl barbiturate buffer (Michaelis, 0.05 
M, pH 7.75) contained 0.1 M NaCl. Total « = 0.15 


RESULTS 
Ascitic fluid: 


Samples were collected from patients suf 
fering from liver and heart diseases. Asciti 
fluid from cancer patients and fluids cont 
minated with blood were not investigated. 

In 8 of 10 samples from different person 
small spontaneous activities were found a 
normal fibrin plates. Addition of dilutec 
streptokinase solution produced a large in: 
crease in activity in all cases (Fig. 1). Strep- 
tokinase alone had no or only an extremely 
small lytic effect on the plates. When the 
samples (without streptokinase) were app- 
lied to heated fibrin plates a slight digestior 
was obtained in two cases only. These results 
demonstrate the presence of small amounts 
of an activator of plasminogen in most of the 
cases and a considerable amount of a pre 
cursor of a plasminogen activator in all cases 
In only two cases were small amounts of < 
fibrinolytic enzyme recorded. 
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1. Activity of serial dilutions of ascitic fluid 

-andard fibrin plates. Ascitic fluid (1 ml) + 

tal buffer (0.5 ml) (curve A). Ascitic fluid 

| ml) + streptokinase (0.5 ml) (curve B). 

issa: Concentration of ascitic fluid in per cent 
of stock solution. 

mate: Activity as product of 2 diameters (mm?) 
of the lysed zones. 


fter addition of streptokinase all samples 
‘uced slight activity on the heated fibrin 
eating the presence of small amounts of 
minogen in the samples which was ac- 
ed by the plasminogen activator formed. 
2n an excess of bovine plasminogen was 
“1 to the spontaneously active samples 
the solutions then applied to the heated 
n plates an increase in the activity was 
rded demonstrating the presence of a 
Minogen activator. This activity was 
ver increased by addition. of both plas- 
gen and streptokinase to the original 
oles (Fig. 2). Minimal or no activity was 
rded when streptokinase and bovine 
ninogen were applied alone or in mix- 
to heated fibrin plates. These results 
irm the above-mentioned findings that 
ic fluid contains small amounts of an 
ator of plasminogen and large amounts 
precursor of a plasminogen activator. 
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Fig. 2. Activity of serial dilutions of ascitic fluid 
on heated fibrin plates. Ascitic fluid (1 ml) + bar- 
bital buffer (0.5 ml). No activity. Ascitic fluid 
(1 ml) + bovine plasminogen (0.5 ml) (curve A). 
Ascitic fluid (1 ml) + bovine plasminogen + 
streptokinase (0.5 ml) (curve B). 
Abscissa and ordinate: Same as Fig. 1. 


In order to substantiate the existence of 
plasminogen in the ascitic fluid, equal volume 
of a solution of the urine activator was added 
and the mixture applied to heated plates. 
Slight digestion of the substrate was obtained 
by this procedure whereas no effect was ob- 
tained with the urine activator alone (Fig. 3). 
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Fig. 3. Activity of serial dilutions of ascitic fluid 
and urine activator on heated plates. Ascitic fluid 
(0.5 ml) + barbital buffer (0.5 ml). No activity. 
Ascitic fluid (0.5 ml) + urine activator (0.5 ml) 
(curve A). 
Abscissa and ordinate: Same as Fig. 1. 
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Fig. 4. Inhibition of trypsin (1 ml) by ascitic fluid 
in different concentrations (1 ml) on heated plates. 
Abscissa: Concentration of ascitic fluid in per cent 
of undiluted sample. 
Ordinate: Same as Fig. 1. 


The activity of trypsin was decreased by 
addition of ascitic fluid to the trypsin solu- 
tion, which demonstrates the presence of in- 
hibitory agents in this fluid (Fig. 4). 

In order to characterize the plasminogen 
activator present in spontaneously active 
ascitic fluid its stability at various pH values 
and temperatures was investigated in the fol- 
lowing manner: The pH was adjusted with 
0.1 N HCl, 0.1 N NaOH or various buffers 
(citrate, phosphate and borate) after which 
the samples were heated for 30 minutes at 
37° C, 50° C, 70° C and 100° C. They were 
then cooled to 0° in ice water, neutralized, 
and immediately applied to standard plates 
in order to estimate the remaining activity 
(Fig. 5). The activator was destroyed at 
7O~C and 100°C. At 37°C and 50° © at 
was destroyed at acid reaction but was stable 
at more alkaline pH. 

The activator produced by addition of 
streptokinase showed similar stabilities at the 
various temperatures and pH values (Fig. 
6 A). These results indicate that the activator 
spontaneously present and the activator pro- 
duced by the addition of streptokinase are 
probably analogous. 


I: Aa 4S Cia BERoe Oey 


Fig. 5: Fibrinolytic activity of ascitic fluid ot 
standard plates after heating for 30 minutes 4 
67 -3Geandeo0miGs 
Abscissa: pH values of the samples during heating 
Ordinate: Activity as product of 2 diameters (mm?) 
of the lysed zones. 


The heat stability of the inhibitor was in 
vestigated in the same manner except tha 
after neutralization the solutions were addet 
to equal amounts of a trypsin solution ant 
the amount of trypsin remaining estimatet 
on heated fibrin plates (Fig. 7 A). The in 
hibitor was destroyed at 70° C and 100° C 
At 37° C and 50° C it was destroyed at aci 
reaction but remained stable at more alkalin 
reactions. 


Synovial fluid: : 


Eight samples of synovial fluid from pa 
tients suffering from noninflamed hydar 
throns were removed by aspiration. Th 
samples were investigated as described fo 
ascitic fluid. 

No spontaneous activity was recorded fror 
any of the samples when applied to standar 
plates. The addition of streptokinase pre 
duced a considerable increase in activit 
(Table I) indicating the presence of a larg 
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Fig. 6. Fibrinolytic activity of ascitic fluid (A), synovial fluid 
(B) and cerebrospinal fluid (C) on standard fibrin plates after 
addition of streptokinase and heating for 30 minutes at 37° C, 
50°C sacl WO C. 
Abscissa and ordinate: Same as Fig. 5. 
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Fig. 7. Remaining activity of trypsin after addition of ascitic 
fluid (A) and synovial fluid (B) (heated for 30 minutes at 
37° C, 50° C, 70° C and 100° C) on heated plates. 


Abscissa and ordinate: Same as Fig. 5. 


unt of the precursor of a plasminogen The stabilities of the activator formed by 
rator. The results thus obtained were addition of streptokinase, and of the inhibitor 
tantiated by the addition of bovine plas- at different temperatures and pH values 
xgen and streptokinase to the samples were investigated as described for ascitic 
application to heated plates. Table I fluid. Prior to this investigation it was neces- 
vs the results of a typical experiment. sary to precipitate the fibrinolytic compo- 
he presence of plasminogen was demon- nents from the synovial fluid with acetone. 
ed when the urine activator was added The procedure was as follows: 40 ml ice- 
the mixture applied to heated plates cold acetone was added to 10 ml synovial 
le 1). Furthermore, large amounts of fluid while stirring constantly. The solution 
trypsin inhibitor were found in the was left in ice water for 15 minutes, after 


mes (Table I). 
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Table I. Investigation of the activity in ascitic fluid, synovial fluid, cerebrospinal 
fluid and sweat. Digested zones on standard fibrin plates and heated fibrin plates (in 
mm?) after applying the different mixtures and incubation for 20 hours at Sine 


Standard plates 


Barbital Strepto- Barbital Plasmino- Urine Trypsin Trypsin — 
ie buffer kinase buffer gen + activator (1 ml) control 
Addition (0.5 ml) (0.5 ml) (0.5 ml. strepto- (1 ml) 

kinase 

(0.5 ml) 
Sample (1 ml) 
Synovial fluid 0 694 0 174 107 0 462 
Cerebrospinal fluid 0 59 0 84 0) 405 429 
Sweat 0 0 0 0 0 374 367 
Ascitic fluid 130 630 0 195 66 50 450 


which it was centrifuged. The same amount 
of cold acetone was then added to the pre- 
cipitate and after a second treatment the 
precipitate was dried with ether. Solutions 
were prepared by redissolution in the original 
volume of barbital buffer. 

The stability curves obtained for the acti- 
vator (Fig. 6 B) and the inhibitor (Fig. 7 B) 
corresponded to the curves obtained with 
ascitic fluid. Therefore the components are 
probably identical. 


Cerebrospinal fluid: 


Six samples were obtained by spinal punc- 
ture and investigated as described above. 

No spontaneous activity was found on 
either the standard or the heated plates, 
whereas the addition of streptokinase pro- 
duced activity on the standard plates. Table I 
shows an example. Streptokinase alone had 
no effect on the plates. So far the cerebro- 
spinal fluid seems to be similar to the syno- 
vial fluid and this suggestion was further sub- 
stantiated by the stability curves (Fig. 6 C). 

However, a 


difference exists between 


Heated plates 


cerebrospinal fluid and certain other bod 
fluids since no plasminogen and no inhib 
tory agents against trypsin were presen 
(Tablet): 

Sweat: 


Five samples of human sweat were ob 
tained by heating one arm and collecting th 
sweat from the other by means of a rub- 
ber bag. 

No activity was found on standard o 
heated fibrin plates either before or after i 
addition of streptokinase and no plasmino- 
gen or inhibitory agents against trypsit 
could be demonstrated (Table I). 


Other body fluids: 


Fluids from hydrocele, blisters and lymph 
(from a lymph node fistula) were collected 
and investigated. In these fluids no spon- 
taneous activity was found on either standard 
or heated fibrin plates, but a large amount 
of proactivator was demonstrated by the 
addition of streptokinase. The inhibitory ef- 
fect against trypsin was large in all cases 
(Pable Lh). 
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Pable IL. Investigation of the activity in hydrocele fluid, fluid from blisters and 
ymph. Digested zones on standard and heated fibrin plates (in mm?) after applying 
different solutions of the fluids and incubation for 20 hours at 37° C. 


Standard plates 


| Heated plates 


Barbital Strepto- Barbital Trypsin Trypsin 
Addition buffer kinase buffer (1 ml) control 
(0.5 ml) (0.5 ml) (0.5 ml) 
eee 
iple (1 ml) 
irocele fluid 0 103 0 0 144 
id from blisters 0 1369 0 0 als) 
ph 0 514 0 0 371 
DISCUSSION Table III. The composition of the fibrino- 
recent investigations have shown the lytic systems in various body fluids. 


aplexity of the fibrinolytic system in 
aan blood (Mullertz & Lassen, 1953; 
lertz, 1956). The fibrinolytic enzyme, 
smin, exists in the blood as a precursor, 
sminogen. The transformation of plasmi- 
en to plasmin can be caused by different 
vators. Certain tissues contain an activa- 
of plasminogen (Astrup & Permin, 
7), and a plasminogen activator is also 
nd in the urine (Williams, 1951; Astrup 
Sterndorff, 1952). It has further been 
wn that normal human blood contains a 
cursor of a plasminogen activator which 
be transformed into a plasminogen acti- 
yr by streptokinase (Mullertz & Lassen, 
3). Inhibitory agents against this system 
st in the blood. 
‘he body fluids investigated in this and 
revious papers belong to three different 
transudates and patho- 


(Table IIT). 


es: Secretions, 
cal transudates 


Secretions: 
filk (Astrup & Sterndorff, 1953), tears 


orm, 1955), saliva (Albrechtsen & Thay- 
1955), seminal fluid (Kaulla & Shettles, 


Pro- Activator | Inhibitor 
activator 
Normal blood + 0 + 
Active blood -b a + 
Milk = Ce) (0) 
Tears = (+) (0) 
Saliva ae Cr) (0) 
Sweat (0) (0) (0) 
Seminal fluid a + + 
Cerebrospinal fluid + 0 0 
Amniotic fluid a 0 op 
Ascitic fluid oe (+) 4 
Synovial fluid + 0 - 
Hydrocele fluid — 0 + 
Fluid from blisters + 0 4. 
Lymph from fistula + 0 _ 


1953; Lundquist, Thorsteinsson & Buus, 
1955; Rasmussen, Albrechtsen & Astrup, 
1957) and sweat are all normal fluids secre- 
ted from glands in the organism. They can 
in sufficient amounts for in- 
Although 


exist in these fluids with regard to the fibri- 


be obtained 
vestigation. certain similarities 
nolytic system, differences are also recorded. 
They all contain varying amounts of activat- 
ing components and are further characterized 


by the absence of inhibitory agents against 
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trypsin. The sweat is completely inactive. 
However, the samples investigated were ob- 
tained from persons who were stimulated in 
order to get a sufficient amount of fluid. Pre- 
viously it has been shown that the amount 
of activator and proactivator in parotid saliva 
decreases during stimulation and a similar 
reaction could occur with sweat. It is there- 
fore possible that the concentration of the 
activating components has been too small 
during the stimulation to allow determination. 

Seminal fluid differs from the above-men- 
tioned fluids by its content of large amounts 
of inhibitory components. The activating 
agents in seminal fluid correspond to those 
in the other secretions. 

All secretions mentioned have to pass 
through narrow channels and the formation 
of fibrin clots in these channels would be 
harmful to the organism. The presence of a 
fibrinolytic system in the secretions might 
contribute to the resolution of such fibrin 
clots and could therefore be of great import- 
ance to the organism, as already suggested 
(Astrup & Sterndorff, 1953). 


Transudates: 


The cerebrospinal fluid and the amniotic 
The fibrino- 
lytic system in amniotic fluid (Albrechtsen 
& Trolle, 1955) is similar to the system in 
normal blood since it contains proactivator 


fluid are normal transudates. 


and inhibitory components. However, the 
cerebrospinal fluid differs from the blood and 
from the amniotic fluid in that it contains no 
inhibitory components against trypsin, thus 
approaching the composition of the secre- 
tions. The cerebrospinal fluid has to pass 
through narrow channels in the brain, and 
occlusions here by fibrin clots could be pre- 


vented by an activation of the fibrinolytie 
system in the fluid. Streptokinase has been 
used in the treatment of fibrinous exudates 
in tuberculous meningitis. By lysis of intra- 
spinal fibrin clots and adhesions, the risk of 
raised intracranial pressure is decreased ane 
the effect of antibiotics considerably increased 
(Cathie & Macfarlane 1950; Fletcher, 1954), 


Pathological transudates: 


The fibrinolytic system in the pathological 
transudates corresponds to the system 1 
blood. It is of special interest that mo 
samples of ascitic fluid showed spontaneou 
activity. The fluid is therefore able to a 
the formation of fibrin deposits in the peri- 
toneal cavity. Streptokinase injected into 
the peritoneal cavity has been used to pre 
vent or redissolve fibrin deposits and adhe- 
sions (Wright, Smith, Rothman, Quash & 
Metzger, 1950). The fibrinolytic system it 
ascitic fluid here described may explain the 
effect obtained by this procedure. However, 
Gustavson et al. (1955) could not confirm 
these experiments with streptokinase and 
found that only plasmin prevented the forma- 
tion of adhesions. 

The composition of the fibrinolytic system 
in transudates (except the cerebrospinal 
fluid) and in pathological transudates ap- 
parently corresponds to the system in the 
blood, and the agents involved are probably 
identical, since both the activating and the 
inhibiting components are labile at acid re- 
action. This possibly indicates that the com- 
ponents are derived from the blood by a 
simple filtration. 

The composition of the fibrinolytic system 
in the secretions (except the seminal fluid) 
differs from the system in the blood’ since 


inhibitory components against trypsin are 
‘sent. It has been suggested as a tentative 
planation that the active agents in the 
iretions are excreted by diffusion from the 
od plasma to the lumen of the gland, but 
it the glandular epithelium should be se- 
tively permeable to the active components 
th-holding the inhibitory agents. 

The plasminogen activator, which is either 
yntaneously present or formed by addition 
Bee ocimase in the blood and in the body 
ids, is completely different from the plas- 
nogen activator present in the tissues, 
ce the tissue activator is stable, especially 
acid reaction. 

The fibrinolytic system in seminal fluid 
fers from the system in the other secretions 
restigated. Recent investigations indicate 
it the plasminogen activator in seminal 
id belongs to the stable tissue activator 
ye and not to the labile blood type. An- 
rer difference between the seminal fluid 
d the other secretions is the presence of 
uibitory components in seminal plasma. 


SUMMARY 


1. The fibrinolytic systems in various 
man body fluids have been investigated. 

2. A precursor of a plasminogen activator 
s found in cerebrospinal fluid, ascitic fluid, 
rovial fluid, hydrocele fluid and fluids 
um blisters and lymph. Ascitic fluid showed 
ontaneous activity and contained a plasmi- 
gen activator. Sweat was apparently in- 
‘ive. 

3. Trypsin inhibitors were found in ascitic 
id, synovial fluid, hydrocele fluid, fluid 
mm blisters and lymph, whereas cerebro- 
nal fluid and sweat contained no inhibitory 
nponents. 


FIBRINOLYTIC ACTIVITY IN SOME HUMAN BODY FLUIDS 


SUH 


4. The fibrinolytic systems in the body 
fluids can be classified in groups according 
to their composition. 
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Pike CuROMATOGRAPHIC SEPARATION 
OP Wee COrROrORPHYRIN ISOMERS). AND HT 


By LE. ERIKSEN 


Jntil relatively recently almost all methods 
‘separation and purification of porphyrins 
‘e been based on the esterification of the 
phyrins with methyl alcohol after a preli- 
ary separation of the porphyrins accord- 
to their solubility in different solvents. 
ese methods were, however, much too 
de for the separation and identification. 
porphyrins in trace amounts only. Only 
-ertain pathological conditions with highly 
reased excretion of porphyrins and/or 
phyrin precursors, has sufficiently strong 
fence been presented indicating the pre- 
ce of porphyrins with seven and five 
| groups (for references see Lemberg & 
xe, 1949). 
‘he introduction of paper chromatography 
2 method for the separation of the free 
phyrins according to their number of 
lic groups by Nicholas & Rimington 
49) opened fundamentally new and revo- 
ynary possibilities im porphyrin research, 
the existence of porphyrins with any 
aber of acidic groups from 1 to 8 in ex- 
a and organs under inormal, pathological 
experimental conditions, was rapidly re- 
ed by a series of different workers (for 
rences see Rimington, 1957). 
till our methods are incomplete especia!ly 
n dealing with isometric porphyrins. 
1e paper chromatographic methods for 
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the separation of the [lI and I isomers of 
uroporphyrin (Falk & Benson, 1953) and 
coproporphyrin (Chu, Green & Chu, 1951; 
Chu & Chu, 1957; Rappoport, Calvert, 
Loeffler & Gast, 1955) have been published. 
All these methods, however, are based on 
the esterification of a mixture of the isomers 
by methyl alcohol, purification of the esters 
by different means and final separation of 
the isomers by paper chromatography. 

The relatively complex analytical proce- 
dure needed when esterification of the por- 
phyrins is used as a means for further 
separation and purification of porphyrins, 
introduces a series of possibilities for loss 
of porphyrins and artefact formation. The 
need of better analytical methods is strongly 
felt by most workers i porphyrin research. 
In this laboratory we therefore have done 
very much work on new and better methods, 
trying to avoid esterification, and a series of 
methods have been published (Eriksen, 1953, 
1957, 1958) making it possible to separate 
porphyrins completely according to the num- 
ber of acid groups. However, in the case of 
the separation of the isomers, esterification 
could not be avoided. 

The observation of Miss A. Benson (Falk, 
1954 a, b, 1955) that small modifications in 
our own paper chromatographic method for 
the separation of porphyrins according to 


IY 


320 


L. ERIKSEN 


their number of acidic groups (Eriksen, 
1953) was very promising, making it pos- 
sible to split all coproporphyrin isomers into 
3 spots containing the II, II1+1V, and I 
isomers. 

The details of the methodical modifications 
were published in a paper by Falk, Dresel, 
Benson & Knight in 1956. Instead of the 
ascending technique used by us, they use the 
descending technique working in an atmos- 
phere of the developing mixture (2—6 luti- 
dine/water 5/3,5) and ammonia, placing 
troughs filled with the lutidine/water mixture 
and ammoiia respectively in the bottom of 
the chromatographic chamber. The dimen- 
sions of the troughs and the amounts of the 
liquids had to be tested out for each chro- 
matographic chamber. In this laboratory we 
have had some trouble in handling the 
method, we therefore tried to modify the 
method ourselves using the original ascend- 
ing technique, and found that the original 
method could be used as such if only the 
atmosphere in the chromatographic chamber 
was allowed to be saturated with the devel- 
oping mixture and ammonia for at least 30 
minutes prior to the introduction of the paper 
cylinder containing the porphyrins to be 
analyzed. To avoid too great disturbances of 
the atmosphere during the introduction of 
the paper cylinder, the whole chromato- 
graphic set-up was turned upside down. The 
Petri dish, containing the developing mixture 
and the small beaker with ammonia, was 
placed in the bottom of the glass cylinder 
used as chromatographic chamber. These 
modifications not only gave a satisfactory 
and reproducible separation of the III and 
I isomers of coproporphyrin and in the same 
order as in the Benson modification, but also 


split other porphyrins with numbers of acidi 
groups different from coproporphyrin int 
more than one spot. This, however, will b 
dealt with in a separate communication, 

We did not have to our disposal the I 
and IV isomers. However, as both Falk anc 
we have obtained the separation of the II 
and I isomers by only slight modification: 
of the same method, and as the behavior o 
the two isomers in both methods is the same 
there is no reason to assume that the II an 
IV isomers should behave differently in th 
two methods. 

One big advantage of the present metho 
is that the chromatographic set up is ve 
simple and that no special skill in chromato 
graphy is needed. 


METHOD 

The chromatographic chamber consists of a glas 
cylinder 25cm high and 12cm wide, covered with 
a plane glass plate. In the bottom of the glass 
cylinder a Petri dish is placed containing the devel- 
oping mixture of 2—6 lutidine/water. In the center 
of the dish a smaller cylinder 5cm high and 3 cm 
wide 2/3 full of concentrated ammonia is placed 
The atmosphere is saturated for at least 30 minutes 
prior to the introduction of the paper cylinder con: 
taining the porphyrins to be analyzed. 

The porphyrins might be applied either in spot: 
or strips. A convenient diameter of the spots i 
approximately 5mm allowing up to 8 samples to be 
analyzed on one paper cylinder with at least twe 
marker spots on the same paper. 

As adsorption of porphyrins to small tak 
columns is used as a standard procedure in thi 
laboratory for the final concentration of the por 
phyrin fractions obtained by various means, pape 
chromatography (Eriksen, 1953), column chromato 
graphy (Eriksen, 1957), zone electrophoresis in aga 
gel (Eriksen, 1958), the porphyrins are applied dis 
solved in a mixture of 10 per cent NHs and aceton 
3/10, which we have found to be the strongest eluer 
for porphyrins adsorbed to talc, but obviously othe 
volatile solvents might be used. 


he porphyrins are applied to the paper by 
ss of a capillary pipette of the type used in 
jaboratory to avoid bumping in vacuum destil- 
h. A number of Pasteur pipettes are usually 
} up and when a capillary pipette is needed, 
ihin end of the Pasteur pipette is drawn out 
the capillary. The concentrated solution of por- 
in to be analyzed is placed in the wide end of 
pipette. The filled pipette is used as a pencil, 
spots or strips can be kept extremely narrow. 
ne speed of delivery of the solution can be 
‘ated simply by cutting the capillary with a 
or, the nearer the wide end of the pipette the 
rapid the delivery. The solvent is evaporated 
airblast. 

he type of paper used is Watman No. 1 for 
matography. We usually cut the paper into 
‘s 23cm long and 19 cm wide, but other dimen- 
- can be used. The amount of porphyrin to be 
vzed can be varied from just visible under 
V light to intensely red due to the porphyrins 
color. When the desired amount of porphyrin 
Seen applied, the paper sheet is formed into a 
der and placed rapidly into the Petri dish in 
saturated chromatographic chamber. The cover 
; is put into place again and the developing 
ure allowed to travel to the top of the paper. 
, however, is not necessary. Satisfactory sepa- 
m can be obtained even when the solvent has 
lied only half-way to the top. When the amount 
erphyrin applied to the paper is high, the dia- 
+ of the spots or, in case of strip application, 
width of the zones have a tendency to increase 
yuch that it is recommended to use the full 
it of the paper to get a satisfactory separation 
le isomers. 

sually we start the chromatography in the 
ing taking out the fully developed chromato- 
1 in the morning. When working in day light 
yutions must be taken to avoid unnecessary 
“iction of the porphyrins by light. No special 
wutions are needed to keep the temperature in 
*hromatographic room constant. 

he ratio of lutidine/water can be varied depend- 
mn the porphyrins to be separated. In our ori- 
method we used a constant ratio of 5 parts 
itidine to 3 parts of water for all types of 
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Tablel. Rf-values of 3 COOH porphyrin 
and the III and I isomers of coproporphyrin 
chromatographed in a previously saturated 
chamber using 2—6 lutidine/water (5/2) and 
ammomia vapors as developing system. 


Porphyrin|3 COOH| Copro III! | Copro 2 
Lr 3 | 1 2 3 
Rf values] 0.55 |0.25 0.25 0.27/0.18 0.17 0.18 
1 kindly supported by Prof. C. Rimington. 


2 > > >» Dr. med. T. K. With. 


porphyrin. In this system the Rf-values are a linear 
function of the number of acidic groups in the 
porphyrins. The difference in the Rf-values of for 
instance porphyrins with 3 and 4 acidic groups is 
so small that it would be difficult to tell whether 
a new spot between these two porphyrins in the 
modified method had arisen from the one or the 
other porphyrin. When the ratio of lutidine/water 
is increased to 5/2 the difference in Rf-values in- 
creases so much that the origin of new spots is 
easily recognized (Table I). 

When porphyrins with higher numbers of acidic 
groups are to be analyzed, an increase in the amount 
of water keeping the amount of lutidine constant 
seemes to be cqually satisfactory. The possibilities. 
of the method are not fully clarified, as we lack 
the necessary porphyrins. However, we hope that 
in a short time we will have enough of the higher 
porphyrins to investigate in detail the possibilities. 
and limitations of the method. 


SUMMARY 


A simple and reliable method for the sepa- 
ration of the I and III isomers of free copro- 
porphyrins has been described. 

The method is a modification of our pre- 
vious method for the separation of por- 
phyrins according to the number of acidic 
groups. 


REFERENCES 


Chu, T. C., Green, Agnes Ann & Ju-Hva Chu, 
Edith: Paper chromatography of methyl esters 
of porphyrins. J. Biol. Chem. 190, 643, 1951. 

— & Ju-Hva Chu, Edith: Chromatographic sepa- 
ration of uroporphyrins I and II and the nature 
of Waldenstrom porphyrin. J. Biol. Chem. 227, 
505, 1957. 

Eriksen, L.: Paper chromatography of porphyrin 
pigments. Scandinav. J. Clin. & Lab. Investiga- 
isvoyal wa), Ulsioy, ICES) 

— Large scale separation of porphyrin pigments 
on cellulose powder columns. Scandinav. J. Clin. 
& Lab. Investigation 9, 97, 1957. 

— Zone electrophoresis as a means of establishing 
the number of acidic groups in porphyrin pig- 
ments. Scandinav. J. Clin. & Lab. Investigation, 
10, 39, 1958. 

Falk, J. E.: Patterns of porphyrin excret’on. Bio- 
chem. Soc. Symp. 12, 17 1954 a. 

— Porphyrins. Brit. Med. Bull. 10, 211, 1954b. 

— Haem and porphyrin formation from glycine, 
aminolaevulic acid and porphobilinogen. Ciba 
Foundation Conference, 1955, p. 63. 


L. ERIKSEN 


Falk, J. E. & Benson, A.: Separation of wm 
porphyrin esters I and Ili by paper chromat 
graphy. Biochem. J. 55, 101, 1953. 

— Dresel, E. I. B., Benson, A. & Kn‘ght, B® 
Studies on the biosynthesis of blood pigment: 
4. The nature of the porphyrins formed o 
incubation of chicken erythrocyte preparation 
with glycine, aminolevulic acid or porphobili 
nogen. Biochem. J. 63, 87, 1956. 

Lemberg, R. & Legge, J. W.: Hematin Compound 
and bile pigments. Interscience Publishers, Ine 
New York. 

Nicholas, R. E. H. & Rimington, C.: Qualitativ 
analysis of the porphyrins by partition chro 
matography. Scandinav. J. Clin. & Lab. In 
vestigation 7, 12, 1949. 

Rappoport, D. A., Calvert, C. R., Loeffler, R. K 
& Gast, J. H.: Chromatographic separation am 
determination of porphyrin methyl esters. Ann 
Chem. 27, 820, 1955. 

Rimington, C.: Haem pigments and porphyrins 
Ann. Rev. Biochem. 26, 561, 1957. 


a J. Clin. & Lab. Investigation 323—332, 10, 1958. 


She Dip oe eth RESPONSE OFSE REE, AND 
LONJUGATED PLASMA 17-HYDROXYCORTICOSTEROIDS 
moO CORTICOTROPHIN IN MISCELLANEOUS CLINICAL 
DISCRDERS 52 


By F.-E. KRUSIUS, M. OKA anp A. KARKELA 


From the Medical Department and Central Laboratory, Kivelé Hospital, Helsinki, Finland 


(Received for publication March 27, 1958) 


“he determination of free plasma 17,21- 
ydroxy-20-ketosteroids (17-OHCS) after 
-avenous ACTH stimulation is generally 
spted as a reliable test of adrenocortical 
acity (Eik-Nes, Sandberg, Nelson, Tyler 
Samuels, 1954; Bayliss & Steinbeck, 
4; Christy, Wallace & Jailer, 1955). Ab- 
malities in the response of plasma 17- 
{CS to intravenous ACTH have been 
erved in disorders of the adrenal cortex 
| pituitary, and in other clinical entities 
ik-Nes, Sandberg, Migeon, Tyler & Sa- 
els, 1955; Christy et al., 1955, Sandberg, 
-Nes, Migeon & Samuels, 1956, Sand- 
g, Eik-Nes, Migeon & Koepf, 1957). 

rhe object of the present investigation was 
study the applicability of the above-men- 
red adrenocortical capacity test for clinical 
tine by performing the test on a group 
patients suffering from a variety of di- 
ses, mostly of non-endocrinologic origin. 
Phe determinations were extended to in- 
Je also the conjugated plasma 17-OHCS, 
ich form a considerable portion of the 
| plasma 17-OHCS and reflect the meta- 
ism of the biologically active free stero‘ds. 


Preliminary report presented at the Interna- 
al Congress on Clinical Chemistry in Stockholm, 
BOD 7. 

Supported by a grant from the S‘grid Jusélius 
telse. 


It has been reported (Gemzell & Franks- 
som, 1953 ; Geller, Gabrilove & Soffer, 1957) 
that the achievement of plasma 17-OHCS 
levels at least equal in duration and degree to 
those obtained following the intravenous ad- 
ministration of ACTH is possible with a 
single intramuscular injection of a long- 
acting ACTH preparation. Therefore an at- 
tempt was made in a number of cases to use 
intramuscular ACTH administration instead 
of intravenous infusion. 


MATERIAL AND METHODS 


The series consisted of 61 hospital cases, in 
which the adrenocortical response to intravenous or 
intramuscular ACTH, or both, were studied. As 
there is a significant decrease in the rate of meta- 
bolic removal of plasma corticosteroids beyond 65 
years of age (Samuels, Brown, Eik-Nes, Tyler & 
Dominguez, 1957), patients older than 65 years were 
excluded from this study. There was, however, one 
exception. 

The intravenous ACTH infusion was started at 
7—8 a.m. on fasting subjects. The blood samples 
were taken from the cubital vein immediately be- 
fore the intravenous ACTH administration and 2 
and 6 hours after the beginning of the test. The 
ACTH (ACTHAR, Armour Lab. or Cortrophine, 
Organon)! was given by continuous drip infusion in 


1 The ACTH preparations used in this inves‘i- 
gation were generously supplied by the “Armour 
Lab.” and “Organon”. 
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normal saline or 5 per cent glucose solution. The 
ACTH dose used was 12—20 I. U. in 600—1000 ml 
of solution over a period of 6 hours. Accord’ng to 
earlier investigations this is certainly sufficient to 
produce a maximal adrenocortical response (Bayliss 
& Steinbeck, 1954, Eik-Nes et al., 1954). 

A repository ACTH preparation (Cortrophine-Z, 
Organon) was used for intramuscular administra- 
tion. A dose of 20 I. U. was given 3 or 4 times at 
intervals of 6 hours. In one case a single injection 
of 40 I.U. Cortrophine-Z was tried. The blood 
specimens were taken before the injections at 8a. m. 
and 2—6 hours after the last injection. 

The free plasma 17-OHCS were determined by 
Silber & Porter’s method (1954) as modified by 
Peterson, Wyngaarden, Guerra, Brodie & Bunim 
(1955), and Peterson, Karrer & Guerra (1957). 
The free plasma 17-OHCS level at 8 a.m. has been 
averaged 12.7 = 0.43 mwg/100 ml with a range of 
7—21 ug/100 ml for normal adults in this laboratory 
(Oka 1956). 

To estimate the level of conjugated 17-OHCS 
400 units of 
bacterial beta-glucuronidase (Sigma) in 1 ml of 
redistilled water, 0.5 ml of 1 M KeHPOs and 0.3 ml 
of NaHSOs, 5 per cent solution, were added to 
5 ml of heparinized plasma and incubated at +37°C 
for 48 hours. The pH of the final mixture was 
6.0—6.2. After the incubation the method was the 
same as for free plasma 17-OHCS. In this way the 
level of total plasma 17-OHCS was measured. To 
obtain the figure of conjugated plasma 17-OHCS 
the value of free 17-OHCS was subtracted from 
the value of total plasma 17-OHCS. Detailed data 
of the hydrolysis procedure for conjugated plasma 
17-OHCS will be presented elsewhere (Krusius & 
Oka, 1958 a). 


the following procedure was used: 


RESULTS 


The response of plasma 17-OHCS to 
intravenous ACTH was determined in 50 
cases. The adrenocortical capacity was con- 
sidered as normal if the level of free plasma 
17-OHCS after 6 hours ACTH 
ranged from 30—48 yg/100 ml. 

These inormally reacting cases were di- 


imfusion 


vided into three groups according to th 

response of conjugated plasma 17-OHCS to 
ACTH. The conjugation and excretion me 
chanism of plasma 17-OHCS was regarded 
as normal if the levels of conjugated plasma 
17-OHCS after 6 hours’ ACTH stimulation 
ranged from 15—31 wg/100 ml, with a mean 
of 23 ug/100 ml (Table 1). This was th 

case inl 24 instances. 

An increased response of conjugate 
plasma 17-OHCS to ACTH was observe 
in nine cases, in which the range of con- 
jugated steroids at 6 hours was 37—79 ug/ 
100 ml (Table IT). 

A decreased response of conjugated plas 
ma 17-OHCS was seen in four cases in 
which the plasma levels of conjugated cor 
ticosteroids after 6 hours of ACTH infusion 
were 3, 5 and 8 wg/100 ml (Table IIT). 

A hyperreactive adrenal cortex was found 
im ten cases. The levels of free plasma 17- 
OHCS after 6 hours of intravenous ACTH 
infusion ranged from 55—72 ug/100 ml in 
these patients (Table IV). : 

A hyporeactive adrenal cortex was ob- 
served only i two instances (Table V), one 
of these showing no reaction at all. 

The ratio free/total plasma 17-OHCS was 
calculated. This ratio had a tendency to rise 
after 2 hours of ACTH infusion and to 
return to the initial value after 6 hours. Im- 
pairment of the conjugation or excretion of 
plasma 17-OHCS affected the ratio very 
clearly. It decreased with retarded renal 
clearance of the conjugated steroids and in- 
creased with defective conjugation. 

The effect of intramuscular injections of 
Cortrophine-Z on plasma 17-OHCS levels is 
presented in Table VI. In the first case 
(M. By.) a single intramuscular dose of 
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Table I. Normal adrenocortical capacity. 


Plasma 17— OH—CS§ ug/100 ml 


After the onset of ACTH 
Age & Diagnosis Before ACTH administration 
administration 


2 hours | 6 hours 

Ratio Ratio Ratio 

Conj. | free/ | Free | Conj.| free/ | Free | Conj. | free/ 

total total total 

u.|51 F | Bronchial asthma - = =e - - 40 - - 

a.|61 M | Hypertension, emphysema 14 - - 29 - - 38 - - 

®e.131 F | Hypertension! 15 14 052528 15 OOS 37 24 0.61 
0. 52 F | Congestive heart failure, 

| Valvular disease 12 7 0.59 24 WZ OG 5 22 0.61 
a.|65 F | Congestive heart failure, 


diabetes mellitus, chronic 
pyelocystitis 12 - - 28 - - 42 - - 
60 M | Aortic aneurysm, chronic 
pulmonary tuberculosis 15 18 0.46 2B 17 0.58 40 26 0.61 


31.150 M | Pulmonary tuberculosis 
addisonism z 13 0.93 14 2 0.88 30 28 0.52 
a. |33 F | Pulmonary tuberculosis, 
microcytic anemia 8 4 0.67 a, 12 0.69 39 25 0.61 
4. |56 M | Acute nephrose-nephritis 6 10 0.38 29 8 0.77 48 D2, 0.69 
e. |20 F | Bilateral hydronephrosis 19 - - 31 - se 7, - - 
0. |61 F | Biliary hepatic cirrhosis 14 10 0.59 28 9 0:76: 41 15 0.73 
i. |46 F | Obesity 12 8 0.60 28 WZ, O70 38 25 0.57 
s. |28 M | Diabetes mellitus 18 Z 0.90 34 9 0.79 — 45 24 0.65 
i. |59 F | Diabetes mellitus, polyneu- 
ritis, orthostatic hypotonia] 12 8 0.60 31 10 0.76 42 18 0.70 
‘a.|44 F | Hypothyroidism, duodenal 
ulcer 8 8 O50 32 7 0.82 42 20 0:68 
x. 139 F | Hypothyroidism, congestive 
heart failure, microcytic 
anemia 14 4 0.78 30 5 0.86 41 24 0.63 
‘a. |57 F | Hyperthyroidism 22 11 0.67 33 We O65 4 2% 0.66 
i. |23 F | Hyperthyroidism 4 14 O28 IW 16 052— 3i 20 0.61 
i |39 F | Stein-Leventhal syndrome, 
choledocholithiasis 11 Z Cys Bz 10 O77 ©4i 20 0.67 
o.|41 M | Rheumatic fever 13 4 O\77 34 17 0.67 38 27 0.59 
o.|34 M | Rheumatic fever 11 6 0.65 28 | Caf ae 31 0.58 
fa.}45 M | Rheumatoid arthritis 15 3 OMSSmESS 13 On/2 eee 23 0.65 
a.|52 F | Rheumatoid arthritis 19 Si 07a 31 = - 37 22 0.61 
‘a.|49 F | Rheumatoid arthritis, 
| | hypertension, obesity 14 12 0.54 38 15 0.72 46 26 0.64 
Mean WZ 8 0.64 29 10 Dal AO 26 0.63 


Creatinine clearance 84 ml/min/1.73 sq.m, phenolsulphonphtalein test 51.5 %. 
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Table Il. Normal adrenocortical capacity, 
but decreased renal clearance of conjugated 17,21-dihydro-20-ketosteroids. 


Plasma 17 —OH — CS _ weg/100 | 
After the onset of ACTH ; 

Case |Age & Diagnosis Before ACTH administration 
See administration 
2 hours | 6 hours 
——— 
Ratio 
Free | Conj. free/ 
total 
I. Uu. |52 F | Hypertension 0.58 Of 
H. Ha.|58 F | Hypertension,! benign 
nephrosclerosis 14 4 Ons Si 6 0.86 44 39 0.5¢ 
V. Ha.|26 M | Chronic nephritis 15 17 O47” 25 30 0.46 37 41 a 
E. Sv. }53 F | Renal amyloidosis, rheu- 7 
matoid arthritis? 22 30 0.43 31 42 0.42 37 59 0.38 
P. Le. |69 M | Renal amyloidosis,? bron- 
chiectasiae 16 42 028 25 48 0.34 33 76 0.31 
M. Sv.|62 F | General amyloidosis, : 
rheumatoid arthritis? i) 25 Osi Bil 24 0.56 42 37 0.5. 
R. Le. |}39 F | Chronic nephritis? 18 11 0.64 39 12 0:7 Se Sees 0.5: 


E. Lu. |50 M | Congestive heart failure, 
obesity, diabetes mellitus, 


bronchial asthma 8 20 0.29 el 43 OAZE4S 79 0.3: 
S. Vi. |55 F | Obesity 17 16 0524 31 (052 eso 44 0.51 
Mean 16 20 0.48 33 28 0.56 41 Sit OK 


1 Creatinine clearance 55—56 ml/min/1.73 sq. m. Phenolsulphonphtalein test 37.5—50.5 %. 

2 NPN increased, uremia. Creatinine clearance in case R. Le. 60 ml/min/1.73 sq. m and phenol-— 
sulphonphtalein test 46.5 %. = 

3 Diagnosis confirmed at autopsy. . 


Table Ill. Normal adrenocortical capacity, 
but decreased formation of conjugated 17,21-dihydro-20-ketosteroids. 


Plasma 17 —OH — CS wg/100 ml 


After the onset of ACTH 


Case |Age& Diagnosis Before ACTH administration 
Sex administration 
2 hours | 6 hours 
Ratio Ratio Rati 
Free | Conj.| free/ | Free | Conj.| free/ | Free | Conj.| free/ 
total total total 
kK. Yl. |49 M_ | Toxoplasmosis 13 4 0: / 2 30 1 0.97 46 3 0.9 
E. As. |42 F | Bronchitis, hypotension, 
general asthenia 17 0 1.00 38 0 1.00 40 5 0.8 
U. Hi. |54 M | Congestive heart failure, 
emphysema 20 0 100 34 1 0.97 46 8 0.8 
A. Ar. | 30 F | Rheumatoid arthritis, 
chronic tonsillitis 9 0 OO} 23 5 OSS eso 8 0.8 
Mean 15 1 0.93 31 2 0.94 42 6 0.8 
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Table LV. Hyperreactive adrenal cortex. 


2 Seen ed 
Plasma 17 —OH — CS yg/100 ml 
After the onset of ACTH 
pP | Age & Diagnosis Before ACTH administration 
sex administration 
2 hours | 6 hours 
Ratio Ratio Ratio 
Free | Conj.| free/ | Free | Conj. | free/ | Free | Conj.| free/ 
total total total 

—__! | 
<a.|46 F | Cushing’s syndrome, pitui- 
tary adenoma 26 - - 48 - - 63 - - 
MN. 157 F | Cushing’s syndrome 25 15 Os I DS O70 72 59 0.55 
lu. |64 F | Hypertension, congestive 

heart failure 9 30 O23 242 34 oy 39 64 0.48 
31. |65 F | Hypertension, benign 

nephrosclerosis! 23 26 0.47 50 38 0.57. 70 60 0.59 
si. |65 F | Renewed test 4 months 

later 22; 17 0.57. 41 14 OWS SH 32 0.64 
Ra.|47 F | Hypertension, malignant 

nephrosclerosis! 18 22 0.45 44 18 OV 668 40 0.63 
e. |62 F | Chronic nephritis, hypothy- 

roidism? 29 8 0.79 46 9 0.84 67 27 0.71 
dy.|51 M | Congestive heart failure, 

hypertension, spondyl- 

arthritis anchylopoetica 20 16 0.56 43 16 Oa sy 25 0.70 
3a.|60 F | Congestive heart failure, 


lhypertension, diabetes 


mellitus 12 11 0.52 43 17 WZ 0 27 0.69 

Ju. |32 F | Diabetes insipidus? 16 4 0.80 44 12 0:79 55 26 0.68 
viy.|45 F | Rheumatic fever, erythema 

nodosum 20 18) 0.61 42 22 OG 9 25 0.69 

Mean 20 16 0.56 45 21 0.70 62 39 0.64 


Confirmed at autopsy. - 
Creatinine clearance and phenolsulphonphtale’n test within normal ranges. 


Table V. Hyporeactive adrenal cortex. 


Plasma 17 — OH — CS weg/100 ml 


After the onset of ACTH 


se | Age & Diagnosis Before ACTH administration 
sex administration 
2 hours | 6 hours 
Ratio Ratio Ratio 
Free | Conj.|free/ | Free | Conj. | free/ | Free | Conj.| free/ 
total total total 
Vi. 144 M | Hyperthyroidism 13 10 ONS ae 22 12 OG5ea2 26 22 0.54 
He.|31 F | Addison’s disease 0 0 - 0 0 - 0 0 Z 
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Table VI. Adrenocortical capacity test, 
performed by intramuscular injections of repository ACTH. 
hs Seg 
Case | Age& Diagnosis B13 7 se5 as 
sex SA lp ocemeeest | hea | See 
i] £2] S48) sg Ratio 
c E38 g g B86 Free | Conj. | free/ 
a eae esi Ss ee total 
M. By. |45 M | Healthy control 40 1 - 2 8 (am) 5 Stee Z0 18 53 
M. By. |45 M | Healthy control 40 1 - 4 8 i Use 25 40 39 
M. By. |45 M | Healthy control 40 1 - 6 8 fe (eos 5) 31 0.45 
M. By. |45 M_ | Healthy control 40 1 = 8 8 7 0.53 18 59 0.23 
M. By. |}45 M | Healthy control 20° 4 6 2 8 ff MWe) ZR - 
L. Pa. |45 F | Healthy control 20 3 6 6 12, Oy O55 3 21 
A. Nu. |57 F | Convalescent (bone frac- 
ture) ' 2a 6 4 12 17 O41 45 33 
A. Ah. |57 F | Convalescent (apoplectic 
stroke) 203 6 4 6 18 O25 31 34 
M. Ko. |48 F | Bronchial asthma 205 3 6 6 7 LORO27; 19 59 
P. Ka. |34 F | Bronchial asthma 203 6 4 4 10> 028824 25 
O. Ta. |55 M | Tuberculous spondylitis Ay 6 6 14 ik “OSG. 52 42 
V.Sa. |52 F | Herpes zoster BY 8 6 6 24 Oey 88) 29 
S.La. |60 F | Thrombophlebitis 20S 6 6 13 8 0:62 39 Di 
V.Ka.t|46 F | Cushing’s syndrome Me 8 6 4 20 9 0.69 45 - 
K. Fo. |61 M_ | Pituitary adenoma 2053 6 4 9 sy SES BY 43 
P. He. |52 M | Scleroderma, hypertension |20 3 6 4 10 Hf WE) aD) 22 
M. La.2|52 F | Rheumatoid arthritis 20S 6 6 11 9 0.55 iat 15 
Mean 11 LOM OS Ommmolt 29 
SSS “ 
! Intravenous capacity test performed 3 months earlier (Table IV). . 
2 Intravenous capacity test performed 10 days later (Table I). 


40 I. U. did not effect the maximal adreno- 
cortical response. The dosage was changed 
to 20 I.U., and 4 repeated intramuscular 
injections EN 
maximal response of plasma 17-OHCS was 
now obtained. In twelve further cases 3 intra- 
muscular injections of 20 I.U. Cortrophine-Z 
were given every six hours, and the blood 
samples were taken 4 or 6 hours after the 


Cortrophine-Z were given. 


last injection. The mean free plasma 17- 
OHCS level after intramuscular ACTH 
stimulation in this group was 31 ug/100 ml, 
which is 9 «wg/100 ml less than in the group 
which received intravenous ACTH. One of 


the patients (M. La.) did not react at all te 
the intramuscular ACTH. The response of 
plasma 17-OHCS to intravenous ACTH wa: 
fully normal in this case. 


DISCUSSION 

The determination of the response of free 
plasma 17-OHCS to intravenous ACTH ha: 
proved to be a very sensitive test for adreno: 
cortical capacity. This test is applicable te 
clinical routine and it has to a great exten! 
replaced other adrenal function test in owt 
hospital. 


he maximal free plasma 17-OHCS levels 
ire usually reached at the 6 hour after the 
set of the ACTH infusion, but the values 
four hours were in many instances not 
irkedly lower. A rise of the free plasma 
-OHCS to 30—48 ug/100 ml seemed to 
re good evidence of normal adrenocortical 
dacity. 

In a large majority of the cases studied 
» respolisiveness of the adrenal cortex was 
rmal. Hyperreactive responses were found 
3 cases suffering from diseases of adrenal 
hypophyseal origin, 7. e. from Cushing’s 
idrome, pituitary adenoma with Cushing’s 
adrome and diabetes insipidus. Otne case 
th hyperreactive adrenal cortex had rheu- 
tic fever complicated by strong erythema 
dosum. All the remaining patients with 
perreactive adrenal cortex suffered from 
pertension (5), congestive heart failure 
) or renal failure (2), alone or combined. 
addition to this, increased adrenocortical 
yacity has previously been reported by one 
us in acute cases of tuberculous meningitis 
‘ka, Osterlund, Paatela & Wasz-Hockert, 
a/). 

The mechanism causing increased activity 
the adrenal cortex in some cases of hyper- 
sion or congestive heart failure is not 
ite clear. In most of the cases the level of 
yjugated plasma 17-OHCS was within 
rmal limits after 6 hours of intravenous 
°TH stimulation, thus showing no defect 
the conjugation or excretion of plasma 
ticosteroids. It seems reasonable to sug- 
t that the adrenal cortex was really hy- 
‘functioning in these cases. One of the 
jents (H.Ra.) with renal failure and 
reased response of free plasma 17-OHCS 
ACTH died and was autopsied. A distinct 
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hypertrophy of the adrenal cortex could be 
demonstrated. In another case with hyper- 
tension and benign nephrosclerosis, how- 
ever, autopsy did not reveal any changes in 
the size of the adrenal cortex (V.Si.). 

A slightly hyporeactive cortex was found 
in a case of hyperthyroidism (Table V). This 
may have been due to an accelerated rate of 
steroid degradation and increased hydro- 
cortisone requirement (Levin & Daughaday, 
1955, Samuels et al., 1957). However, the 
other thyrotoxic cases studied gave a normal 
response to intravenous ACTH. A patient 
with distinct clinical features of Addison’s 
disease showed no response at all to ACTH. 
Other cases in which we observed a defini- 
tely hyporeactive adrenal cortex were those 
undergoing long-term corticosteroid treat- 
ment (Krusius & Oka, 1958b). | 

The conjugated plasma 17-OHCS have not 
In their 
inormal series Brown, Englert, Wallach & 
Simons (1957) found a rise of conjugated 
plasma 17-OHCS from an average of 9 to 
30 wg/100 ml after 6 hours of intravenous 
ACTH administration. In the study now 
reported the corresponding figures were 


received much attention so far. 


somewhat lower, from 8 to 23 ug/100 ml. — 
A conjugation defect of plasma 17-OHCS 
has been reported in liver diseases (Bongio- 
vanni, Eberlein, Grumbach, Van Wyck & 
Clayton, 1954; Klein, Papadatos, Fortunato, 
Byers & Puntereri, 1955; Englert, Brown, 
Wallach & Simons, 1957) and a retarded 
rate of clearance in renal failure (Klein, 
Papadatos, Fortunato & Byers, 1955; Sa- 
muels et al., 1957). These findings were con- 
firmed in this study. Six of the nine patients 
who showed normal adrenocortical capacity 


in the light of free plasma 17-OHCS, but 


an increased response of conjugated steroids, 
The 


others were suffering from congestive heart 


were suffering from renal failure. 
failure, hypertension or obesity, but the pos- 
sibility of impairment of renal function can- 
not be excluded because renal function tests 
were not performed. In four cases the con- 
jugation of plasma 17-OHCS during ACTH 
infusion was delayed. One of these patients 
had toxoplasmosis affecting many orgaris, 
including the liver. In the remaining three 
cases no distinct signs of liver damage or 
dysfunction could be demonstrated. 

In the ratio of free/total plasma 17-OHCS 
before and during intravenous ACTH stimu- 
lation slight increase occurred after two 
hours of ACTH administration, whereafter 
it returned to the initial level. This change 
indicates that the free plasma 17-OHCS 
level rises promptly in response to ACTH, 
but that the conjugation gets started some- 
what later. 

In the group of normal adrenocortical 
capacity and in the group of hyperreactive 
adrenal cortex the ratio free/total plasma 
17-OHCS was about the same, thus show- 
ing that the conjugated plasma 17-OHCS 
generally reflect and follow changes in free 
plasma corticosteroids. 

Low ratios free/total plasma 17-OHCS 
were found above all in renal failure. High 
ratios were observed in four cases, of which, 
however, only one showed distinct impair- 
ment of hepatic function. 

An average of 63 per cent (range 52—70 
per cent) of the plasma 17-OHCS appeared 
to be in free form after 6 hours of ACTH 
stimulation in cases with normal adreno- 
cortical function. 
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We feel that the assay of conjugated or 
total plasma 17-OHCS in addition to plasma 
free 17-OHCS gives a more complete picture 
of the adrenocortical response to ACTH than 
the estimation of the free steroid fraction 


alone. The determination of conjugates seems 
to be of clinical value especially in cases of 
renal failure. 
Our attempt to replace the intravenous 
method of ACTH administration by single 
or repeated intramuscular injections of re 
pository ACTH preparations was not ve 
successful. The response of plasma free 17 
OHCS to intramuscular ACTH varied from 
case to case, and the levels reached were in 
many cases significantly lower than can be 
produced by intravenous ACTH stimulation 
of the adrenal cortex. The maximal effect 
of a single intramuscular Cortrophine-Z in- 
jection was measured after 4—6 hours. Thus 
the results do not corroborate the data pre 
sented in previous papers (Gemzell & Franks: 
son, 1953; Geller et al., 1957). The response 
of plasma conjugated 17-OHCS was, how- 
ever, on the average stronger than in the 
intravenous capacity test aid correspondingly 
the ratio free/total 17-OHCS was lower. 
This is evidently due to the longer period of 
adrenocortical stimulation in this series. 
SUMMARY 

Adrenocortical capacity tests by using 6 
hours intravenous ACTH stimulation and 
measurement of plasma 17-OHCS levels 
were performed in 50 cases of miscellaneous 
medical disorders. The test proved to be a 
highly sensitive index of adrenocortical ac 
tivity and to be applicable to clinical routine. 


oth free and conjugated plasma 17- 
(CS were estimated. Increased response 
the free plasma 17-OHCS to intravenous 
ITH was recorded in 10 cases of Cush- 
’s symdrome, diabetes insipidus, rheumatic 
er, hypertension, congestive heart failure, 
t or renal failure. A slightly decreased 
ponse was measured in a case of hyper- 
roidism. One patient with Addison’s dis- 
e showed no response. 

Ain increased response of conjugated plas- 
_17-OHCS to intravenous ACTH was 
n in 9 cases, 6 of which were those of 


nal failure and the remaining cases those 
‘congestive heart failure, hypertension or 
‘sity. In 4 cases the response of conjugated 
sma 17-OHCS to ACTH was decreased. 
ve of these patients suffered from toxo- 
smosis complicated by liver disease; the 
zers, however, showed no clinical evidence 
liver dysfunction. 

After 6 hours of ACTH administration 
> ratio free/total plasma 17-OHCS did not 
ry noticeably from case to case and was 
cut the same in the group with normal 
d increased adrenocortical capacity. A de- 
cased ratio was present in renal failure. 
The adrenocortical capacity tests per- 
rmed by intramuscular application of re- 
sitory ACTH were not very successful. 
1e response of plasma 17-OHCS to intra- 
iscular ACTH varied from case to case, 
id maximal levels were reached-only in 
me of the cases. 
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The activity of plasma cholinesterase 
hE) has been studied extensively in a 
riety of diseases. The enzyme is probably 
athesized in the liver (Sawyer & Everett, 
47), and a decrease in its plasma level 
‘urs especially in liver damage (Antopol, 
ehman & Schifrin, 1938). 

There are, however, conditions in which 
all in plasma ChE activity cannot be at- 
buted to a defect in the synthesis of the 
zyme. Certain acute conditions, such as 
rs (Heim & Ruete, 1946; Schtmmel- 
ler, 1946), traumatic shock (Frommel, 
alheimer, Herschberg & Piquet, 1943; 
on & Herschberg, 1947; Laborit & Mo- 
id, 1947), surgical operations (Snyder, 
yder & Bunch, 1951), and myocardial in- 
ection (Oka, 1954a; Moore, Birchall, 
rack & Botson, 1957) are followed by a 
rked fall of plasma ChE activity. All these 
tes belong to the category of “stress”, 
iracterized by an increased level of plasma 
ticosteroids (Sandberg, Eik-Nes, Samuels 
Tyler, 1954; Engel, Helmreich, Hertogh, 
bre, Muller & Mach, 1955; Oka, 1956a,b). 
suggestion that the decrease of plasma 
E in the above-mentioned disorders is 
> to an increased adrenocortical function 
| the inhibitory effect of the elevated 
sma corticosteroids on the ChE activity is 
ipting. 


WwW 


i) 


io) 


This problem has been studied and discus- 
sed in some earlier papers, but the results 
are contradictory. Maier (1953) adminis- 
tered cortisone to 4 patients with various 
diseases and recorded a decrease in serum 
ChE activity. On the other hand, cortisone 
in vitro has no effect on serum ChE activity 
(Maier, 1953; Oka, 1954b).° Kaufman 
(1954) reports two cases in which serum 
ChE activity decreased after a single intra- 
muscular injection of 25 mg of ACTH. 

Clinical studies indicate that the concen- 
tration of plasma corticisteroids (17-OHCS) 
cannot affect plasma ChE (Oka, 1954b). 
In rheumatic fever and in active lupus erythe- 
matosus, in which a marked decrease of plas- 
ma ChE activity occurs, an increase and 
normalization of the enzyme activity has 
been demonstrated during cortisone treat- 
ment simultaneously with clinical improve- 
ment. The changes in plasma ChE have been 
similar in cases treated with cortisone and 
salicylates and related to the changes in the 
clinical condition of the patient. In a few 
cases of rheumatoid arthritis treated with 
cortisone, plasma ChE activity did not change 
during the treatment. 

The aim of the investigation here reported 
was to answer the question whether plasma 
ChE activity is directly affected by the plas- 
ma corticosteroid level or not. For this pur- 
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pose simultaneous determinations of plasma 
ChE activity and 17,21-dihydroxy-20-keto- 
steroids were performed before and during 
the course of a 6-heur intravenous ACTH 
drip infusion. 


MATERIAL AND METHODS 


er 


The series consisted of 5 unselected cases in 
which a usual intravenous adrenocortical capacity 
test was carried out. The technique was identical 
that our previous investigations 
(Krusius, Oka & Karkela, 1958). Blood specimens 
were drawn before and 2, 4 and 6 hours after the 
beginning of ACTH administration and analyzed 
for plasma free and conjugated 17-OHCS and ChE 
activity. ChE activity was always determined im- 
mediately; the 17-OHCS assays 
started on the same or following day. 

Plasma ChE activity was determined by the 
method of Michel (1949). The method of Silber 
& Porter, modified by Peterson, Karrer & Guerra, 
1957), was used for the assay of plasma free and 
conjugated 17-OHCS. The hydrolysis of 17-OHCS 
conjugates was done using a procedure of our own 
(Krusius & Oka, 1958). To estimate the normal 
liver function, routine liver function tests including 
the determination of serum glutamic-oxaloacetic 
transaminase activity were carried out. The results 
were within normal ranges in all instances, thus 
revealing no signs of liver damage. 


with used in 


were usually 


RESULTS AND DISCUSSION 


The results are briefly summarized in the 
Table. Attention was paid to the plasma 
levels of free and conjugated 17-OHCS and 
of ChE activity only. Three of the cases 
showed a normal adrenocortical response to 
ACTH. stimulation, whereas there was a 
hyperreactive response in the two remaining 
cases. The plasma ChE activity was within 
normal ranges in all instances before the 
administration of ACTH; only in one case 
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was the activity slightly augmented, 
still This patien 
(E. Sv.) suffered from renal amyloidost 


within normal limits. 
and hypertension complicated by uremia. 

Independently of the adrenocortical re- 
sponse in the individual cases, the plasm 
ChE activity was not significantly altered b 
the stimulation of the adrenal cortex wit. 
ACTH, nor did the values after 2, 4 and 
hours of ACTH administration differ from 
each other more than can be explained b 
diurnal or methodical variations. 

Our results demonstrate clearly that stress 
as such — indicated by a marked elevation 
of plasma 17-OHCS values — has no direct 
effect on plasma ChE activity. In burns, 
traumatic shock, surgical treatment, myocar- 
dial infarction and other primary tissue les- 
sions in which the plasma ChE activity is 
reported to decrease, this decrease is ap- 
parently not caused by a hyperfunction of the 
adrenal cortex. There must be some other 
explanation. Theoretically stress could pro- 
duce damage of the liver and consequently a 
decrease of plasma ChE activity. However, 
the change of the ChE activity in the above- 
mentioned injuries is so rapid that a dimin- 
ished enzyme formation in the liver cannot 
be responsible for it, because the biological 
half-life of pseudocholinesterase is supposed 
to be about 28 days (Sawyer & Everett, 
1947). At present the most plausible ex- 
planation of this phenomenon seems to be 
that in tissue injuries, substances which have 
an inhibitory effect on the plasma ChE acti- 
vity are released into circulation. Studies on 
the occurrence of inhibitors of cholinesterase 
activity in acute clinical conditions with tis- 


sue necrosis are in progress. 


CORTICOTROPHIN 


AND PLASMA CHOLINESTERASE ACTIVITY 


Table I. Plasma free and conjugated 17-OHCS and cholin esterase activity 


a 


Before ACTH 


| 
| 
| 


ise, administration 
ige Diagnosis 
Sex a eel : 
eC) S| & 
os = 
) oS Selene 
on op = 
xy ma O <1 


.| Rheumatic fever, 


‘My 
F |erythema nodosum 20/13 0.60 
Ar. | Rheumatoid arthritis 9/ 0 0.66 
F 
Sv. | Rheumatoid arthritis, 
B renal amyloidosis ! 22/30 0.85 
Si. | Hypertension, 
F | nephrosclerosis ? 22/17 0.68 
Le. | Chronic nephritis 3 18/11 0.64 
F 

Mean 18/14 0.69 


- NPN 107 mg per 100 ml. 
* Diagnosis confirmed by autopsy. 


i 
during adrenocortical capacity test. 
| 


| After ACTH administration 


| 2 hrs. 4 hrs. 6 hrs. 
eNO pie < Np 2 “SY 5 
SU 6 Palle ikea, apse x 
Sc ee | SS ep eel ae 
eO=s |a@'a | 8905 [aa | 8905 | aa 
I ee bea lf eae | pal ges SUP | See 


42/22 0.62 50/28 0.54 90/25 0.55 
23/ 5 0.62 30/12 0.62 35/ 8 0.70 
31/42 0.85 31/46 0.84 37/59 0.90 
41/14 0.59 49/24 0.66 97/32 0.69 
39/12 0.72 51/20 0.69 49/38 0.58 
37/19 0.68 42/26 0.67 47/32 0.68 


> Creatinine clearance 60 ml/min/1.73 sq.m, PSP-excretion 46.5 %/2 hrs. NPN mg per cent. 


SUMMARY 


Stimulation of the adrenal cortex by means 
intravenous corticotrophin infusions, which 
sulted in elevated plasma free and con- 
gated 17,21-dihydroxy-20-ketosteroid le- 
ls, is shown to have no effect on plasma 
olinesterase activity. 
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| (Received for publication March 28, 1958) , 


n an earlier investigation (Laurell, Lau- 
& Waldenstrém, 1957) the polysaccha- 
» content of serum and of its electrophor- 
fractions was found to differ widely in 
For 
parison in the present paper the corre- 


eloma and in macroglobulinemia. 


nding values are given for sera from 
ents with another type of hypergamma- 
yulinemia. This type is readily distin- 
shed electrophoretically from myeloma 
macroglobulinemia by the diffuseness of 
y-globulin band and the more or less 
‘ked increase of the major components 
he y-region. In unselected clinical material 
majority of all cases of hypergamma- 
sulinemia belong to this group. This type 
been observed in sera from patients with 
acute and chronic infections, collagenosis, 
umatoid arthritis, tu- 
‘s, Hodgkin’s disease, sarcoidosis, leuke- 
s, Hashimoto’s Kimmelstiel- 
ison’s syndrome and other diseases. 
eibert, Pfaff and Seibert (1948) exa- 
ed the hexose content of y-globulins iso- 
d from sera from healthy subjects and 
ad: it to ‘be 1.6 per cent. Later investiga- 
(cf. Goa, 1955; Miiller-Eberhard & 
ikel, 1956) have reported values ranging 
ween 1.2 and 3.2 per cent. This wide 
ye may possibly be ascribed to methodo- 


hepatic cirrhosis, 


disease, 


ios) 


These authors found 
either relatively high or relatively low values 


logical differences. 


throughout for normal sera as well as for 
a few sera examined from patients with 
hypergammaglobulinemia of the types seen 
for example, in liver cirrhosis, systemic lupus 
rheumatoid arthritis. The y-globulins 
have usually been obtained by preparative 


and 


electrophoretic separation. Muller-Eberhard 
& Kunkel (1956) have shown that part of 
the fast y-globulins consists of a component 
with a larger hexose content (about 6 per 
cent) and a higher sedimentation constant 
(S19) than the bulk of the y-globulins(S7), 
which usually contain about 1.2 per cent 
hexose. This implies that the hexose content 
of the total y-globulin fraction will vary with 
the ratio between these two main components. 
The amounts of hexose, hexosamine and 
sialic acid in the y-globulins have been de- 
termined by Schultze (1955), who found 1.3 
per cent, 0.5 per cent and 0.3 per cent, re- 
spectively. He found a lower hexosamine 
content and a higher sialic acid content than 
reported by Miuller-Eberhard & Kunkel. 
The hexosamine content of y-globulins iso- 
lated from sera from healthy subjects and 
from a few patients with hypergamma- 
globulinemia has been reported by Boas & 
Reiner (1951), Goa (1955), Bollet (1957), 


Su 
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Sonnet (1956) and Sidhof (1957). No 
significant difference between the hexosamine 
content of the y-globulins of the controls and 
the patients were reported in these small 
series. Schaffner, Scherbel & Sytte (1956), 
Stidworthy, Payne, Shetlar & Shetlar (1957) 
and Stary (1957) found the same relative 
polysaccharide content of the y-globulins in 
normal and hypergammaglobulinemia sera, 
while Puls & Fiedler (1956), who followed 
the relative polysaccharide content of the y- 
fraction during acute exacerbations of he- 
patic cirrhosis, found transient increases. H. 
Laurell (1956) has found the hexose : protein 
ratio in the y-globulins to be increased in 
patients with rheumatoid arthritis. Weimer, 
Redlich-Moshin & Nelson (1955) found 
immunisation to increase the hexose: protein 
ratio in y-globulins in rabbits. 

The results reported concerning the poly- 
saccharide content of the y-globulins from 
patients with hyper-y-globulinemia are thus 
partly contradictory. 


MATERIAL 


The material was divided into four main groups, 
hepatic cirrhosis, systemic lupus, kala-azar and 
miscellaneous : 

Hepatic cirrhosis (22 cases). — The diagnosis 
was regularly made on the basis of the patient’s 
history, clinical examination and laboratory studies. 
Five patients had a history of acute or subacute 
hepatitis; six were heavy drinkers and one had 
had transfusion hepatitis. In most cases the diagno- 
sis was verified by histologic examination of biopsy 
specimens or post mortem. 

Systenuc lupus (14 cases). — The diagnosis 
was made mainly on the basis of the patient’s 
history and clinical findings. Positive L.E. cells 
were found in seven of the cases. In one of the 
other cases the diagnosis was confirmed at post 
mortem examination. The earlier patients were not 
regularly examined for L.E. cells, nor were they 
all examined during an exacerbation. 
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Kala-azar. — Sera from six typical patients wer 
kindly supplied by Dr. Das Gupta, Bombay. 

Miscellaneous (20 cases). — This was a fairl 
mixed group and included cases of cancer, lympho 
sarcoma, leukemia, ‘essential’ hypergammaglob 
linemia, chronic infections, diabetes etc. 


7 
METHODS . 


The analytical methods and the basis for the 
computations have been published earlier (Laurell 
Laurell & Waldenstrom, 1957, Laurell, 1958). 


RESULTS AND DISCUSSION ; 


Electrophoretic protein values vary witl 
the technique employed. Therefore we havi 
compared the values obtained from the pa 
tients with those from healthy blood donor 
using the same technique. All of the 62 sere 
studied contained more than 1.8 g y-globulit 
per 100 ml, which was more than twice thi 
value found for the controls (M = 0.87) 

The electrophoretic distribution of th 
proteins in sera from patients with hepatt 
cirrhosis and with systemic lupus 1s given i1 
Table I together with the normal values. — 

In the cirrhosis group he disease wa 
in general well advanced. The means foun 
for albumin and a,-globulin were accordingh 
well below normal. 

In the patients with systemic lupus th 
albumin levels were also depressed, but no 
markedly so. The a-values showed a wid 
range with levels well above and well beloy 
the normal limits. This scatter is probabl 
due to differences in the phase of the diseas 
at the time the specimens were collecte¢ 
During an acute attack the albumin value 
fall, usually with an accompanying increas 
in the e-globulins above normal, unless th 
disease process includes a hemolytic com 
ponent. 
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Table I. The electrophoretic protein distribution in 50 normal persons (N), 

| 22 cases with cirrhosis of the liver (C) and 14 cases with systemic lupus (L.e.d.). 

All values are gwen as g per 100 ml serum. 


Soy) 


eS 


Total 
protein Alb. ay as B y 
N el 4.5 0.34 0.53 0.85 0.87 
_ Mean value c hes) 2d 0.32 0.42 0.94 2.98 
| L.e.d 8.7 359) 0.39 0.64 0.83 SP) 
| N 0.26 0.20 0.036 0.051 0.06 0.11 
fe. D. G 0.99 0.70 0.062 0.098 0.19 0.74 
| L.e.d. 1.05 0.74 0.10 0.20 0.20 1.16 
Highest value Cc 9.0 4.5 0.41 0.61 1.35 4.20 
| L.e.d. 10.4 4.5 0.66 1.20 1.25 5.78 
: 
- Lowest value GS 55 1.6 0.17 0.23 0.67 1.89 
L.e.d. 6.3 2.0 0.27 0.44 0.53 1.81 


n the patients with cirrhosis the concen- 
tion of hexose in a,-globulin was on the 
rage 5.3 per cent and in systemic lupus 
per cent, the corresponding figures for 
seing 5.8 and 7.3 per cent. 
Chis suggests that the decrease in the a- 
ues in liver cirrhosis is due to a decrease 
the concentration of a-components richest 
polysaccharides. The reduction in the 
ount of hexose in the a1-fraction can prob- 
y be attributed to a decrease in the acid 
elycoprotein and the decrease in the 
cose content of a, can be ascribed mainly 
a reduction in the haptoglobins which 
rich in polysaccharide. In liver cirrhosis 
“mucoproteins” (Winzler, 1955) are de- 
ased and in systemic lupus normal or in- 
ased. This fits in well with the e-changes 
erved after electrophoretic analysis with 
\.S. staining! (Table IT). In the individual 
es, however, the total serum polysacchari- 
(hexose + hexosamine + sialic acid) 


P.A.S. = periodic acid Schiff. 


were only poorly correlated with the a-values, 
especially in cirrhosis. In these patients the 
polysaccharide content of the serum was 
found to be normal despite the low concen- 
tration of the a1 and ae-fractions normally 
richest in polysaccharide. This may tenta- 
tively be explained by the abnormally high 
concentration of polysaccharides in the y- 
fraction. In serum the 
hexose, hexosamine and sialic acid are the 
a,- and a,-globulins. In liver cirrhosis these 


main carriers of 


fractions are decreased, but the serum levels 
of hexose, hexosamine and sialic acid levels 
are high. Therefore these three components 
must be present in increased absolute amount 
in the y-fraction. The similarity in the pro- 
portion of hexose, hexosamine and sialic acid, 
despite differences in the a-values (Table 
III) in the three groups studied, suggests 
that the y-globulin fractions in these patho- 
logical sera contain hexose, hexosamine and 
sialic acid in approximately the same propor- 
tion as the predominant glycoproteins. 
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Table Il. The concentration of different polysaccharide components in serum from 34 
normal (N), 22 cases with cirrhosis of the liver (C) and 14 cases of systemic lupus 
(L.e.d.). The electrophoretic hexose distribution has been calculated on the values for 
serum hexose and on values obtained after P. A. S.-staining of electrophoretic strips. 
All values are given as mg per 100 ml serum. 


Protein-bound polysaccharide Calculated hexose content in the different — 
components electrophoretic fractions 
Hexos- ee : 
Pesos ene Sialic acid | Alb. | 
amine 
N 119 86 61 10 
Mean Cc 144 117 62 9 
value L.e.d. 180 139 7s 8 
N 7 5 5 25 
Spb), C 21 14 9 3.6 
L.e.d. 21 14 its 6 
Lowest Cc 109 91 45 2 
value L.e.d. 147 115 53 2 
Highest G 177 145 76 15 
value L.e.d. 219 169 102 20 
Table III. Mean values for the relatwe 10 Liveerecientosia 
proportions between hexose: hexosamine: 8 


sialic acid. 
The hexose values have been used as the 
basis for the calculation. The number of sera 


Number of cases 


analysed are given in brackets. 2 

) Paes 4 

| Fiovote Hexos- Sialic 10, = 15:5 20 

amine acid 

o : 

Liver cirrhosis 2 (22)> 1.61 (19) ) 0.89717). op? | POMAgA2AR beet ete 
Systemic lupus 2 (13) 150013) 0.89 (10) fa Uh 

Miscellaneous Zales) 1250/5) 0.82 (15) 5 

reunie 

Fig 1 shows the approximate hexose con- z O | ; 

tent of the y-fraction in patients belonging 1D SS) “Boi 995 ere, 2 

to the various groups. Some of the cases me Oee: CON LENT (PERC ena Gn } 


THE Y-GLOBULINS 
showed a hexose value of 1 to 1.5 per cent, 


1.€. a range similar to that of the bulk of 
the normal y-globulins determined by this 


Fig. 1. Hexose content of y-globulin in various 
diseases. 


technique. The scatter in each group was noted in the three main groups. This cans 
considerable. Values above 2 per cent were not be ascribed entirely to the inaccuracy of 
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x LIVER CIRRHOSIS 
1450 ° SYSTEMIC LUPUS 
- MISCELLANEOUS 


ES HEALTHY suBJecTs Lie 


Y-globulin (g per 100 ml) 


( 2. Correlation between hexose and protein in 
the y-globulin fraction. 


» method. No close correlation was found 
ween the size of the y-globulin fraction 
1 its absolute content of hexose (Fig. 2) 
of polysaccharides. The range of variation 
the hexose content of the fraction was 
wide in mild as in severe hypergamma- 
bulinemia. This variation may be tenta- 
ely explained in different ways. The 
rmal electrophoretic y-fraction contains 
relatively fast component with a sedi- 
ntation constant of 19 S. This compo- 
at contains 6 per cent hexose (Miuller- 
erhard & Kunkel, 1956). The assumption 
it variations in the amount of this compo- 
it might be mainly responsible for the va- 
tion in the hexose content of the y-fraction 
supported by the observation that a normal 
cose content (0.8—1.5 per cent) was found 
sera from the patients with kala-azar. 
rther their protein content was increased 
y within the field of the slow and medium 
jobulins but not in the region of the fast 
‘lobulins, where the 19S components are 
be found. Ultracentrifugation of these sera 
ealed no demonstrable increase in the nor- 


mal 19S components, despite the fact that 
the Sia water dilution test was positive. 

On electrophoresis of serum with sub- 
sequent P.A.S. staining, the polysaccharides 
sometimes stained more intensely than would 
be expected from the protein content in the 
zone of the fast y-globulins, suggesting that 
the fast globulins contained relatively more 
polysaccharide than the slow y-globulins. 
This relative increase in the intensity with 
which the polysaccharides stained was more 
common among the cases of alcoholic cirrho- 
sis than among the cases of systemic lupus 
and posthepatitic cirrhosis. The results might 
be ascribed to a formation of 7 S y-globulins 
with an abnormally high polysaccharide con- 
tent or to an increase of the 19S fraction. 
Those with the highest concentration of 
polysaccharide should theoretically be found 
among the fast globulins, since sialic acid 
increases the mobility of the component. This 
point will be the subject of a future paper. 


CLINICAL DISCUSSION 


Four short case histories are reported since the 
y-fraction of these patients had the highest poly- 
saccharide content of the whole material (Fig. 2, 
group miscellaneous). The history of the patient 
with the highest hexose content has already been 
published by one of the authors as case 3 in 
Waldenstro6m (1955). He suffered from a very 
severe allergy and also showed signs of widespread 
vascular disease. The effect of cortisone treatment 
was dramatic. His body weight started to increase 
without accumulation of edema. His azotemia be- 
The serum albumin increased and 
the y-globulin values decreased. This amelioration 
lasted about one year. He then became increasingly 
dyspnoic and died. The post-mortem showed signs 
of wide-spread polyangeitis nodosa and of ence- 


came normal. 


phalomalacia. 
Another case was a man born in 1903. He had 
suffered from slight purpura and had an enormous 


spleen, a very high sedimentation rate with a broad 
y-globulin. His hematologic status showed slight 
leukopenia and some relative lymphocytosis. His 
chief complaint was persistent diarrhoea. The spleen 
was removed in 1956, when the patient had had 
a high sedimentation rate for at least 9 years. There 
were found numerous lymph glands retroperitone- 
ally. One of these was extirpated with the spleen. 
The histological picture in both organs was inter- 
preted as indicating lymphatic leukemia. After the 
operation the patient felt better for six months. 
Afterwards he had new periods of diarrhoea but 
less severe. His purpura has also improved. In 
1958 the patient has had several purpuric periods. 

Also another serum comes from a patient with 
lymphatic leukemia. This serum contained only 
traces of q-globulins. We have not had an oppor- 
tunity to examine the patient but the clinical diag- 
nosis was definitely lymphatic leukemia according 
to the doctor who has taken care of the patient. 

The fourth patient suffered from what was cli- 
nically regarded as aplastic anemia for many years. 
Sternal puncture however showed a very cellular 
marrow with the possibility of myeloid leukemia. 
She was given very considerable quantities of blood 
(190 transfusions) and developed signs of secondary 
hemosiderosis. Her y-globulin value was high. This 
was never really explained when the patient died. 
She was found to have wide-spread hemosiderosis 
in most organs with reactive portal cirrhosis. The 
post mortem confirmed the diagnosis myeloid leu- 
kemia. The protein disturbances may have been 
caused either by the hematologic process or by the 
liver cirrhosis. 

This history has already been published as an 
instance of purpura hyperglobulinemica. The pa- 
tient, who had had a high sedimentation rate for 
15 years and had shown signs of inoperable gastric 
tumor, later died and was found to suffer from 
lymphosarcoma ventriculi. It seems probable that 
the tumor cells in the very massive gastric neo- 
plasm had produced the pathological y-globulins. 

The variation observed in the polysaccha- 
ride content of the y-fraction in the types of 
hyperglobulinemia studied does not appear to 
be bound to any particular disease and thus 


yields no information of differential diag- 


C.-B. LAURELL, H. LAURELL AND J. WALDENSTROM 


nostic value. The variations may rather re 
flect different phases of the same disease of 
individual differences in the response of tht 
y-globulin producing cells (organic or genetit 
differences). 


SUMMARY 

The electrophoretic distribution of protei 
and protein-bound carbohydrates in sera 
from 62 patients with different types 
hypergammaglobulinemia (hepatic cirrhosis, 


content of the y-fraction of these sera w 
found to vary between normal and tw 
normal value. The possible cause of this 
variation is discussed. 
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AN APPARATUS: FOR AUTOMATIC COLORING 
AND DEZCOLORING OF ELECTROPHORESIS PALE ke 


By O. P. FOSS ann B. ANDERSEN 
From the Central Laboratory, Ulleval Hospital, Oslo, Norway 


(Received for publication December 12, 1957) 


Bigaele 


Coloring and de-coloring of electrophoresis 
papers are time and labor consuming. In 
order to simplify these procedures an appa- 
ratus has been constructed (Fig. 1). It con- 
sists of : 

1. A framework made of plastic to which the 
paper strips can be fastened. The framework rests 
on support bearing and rotates freely. It consists 
of a central axis with two hexagonal plates and in 
the one end a large wheel. T-formed plastic pieces 
are fastened to the hexagonal plates by means of 
rubber bands. The T-formed pieces can be moved 
about one cm from the plates when fastening the 
end of the electrophoresis paper (Fig. 2). 

2. A trough of ceramic in which the framework 
can rotate. The trough is furnished with two hollow 
taps, one on the end side and one in the bottom. 
These taps serve as support for rubber tubes used 
for filling and emptying the trough. 

3. An electric motor built in a metal case. The 
motor either rests backwards in a “free position” 
or rests with its wheel on the large wheel. The 
surface of the motor-wheel is covered with rubber 


nile 


Fig. 2. 

4 
in order to establish sufficient friction between th 
two wheels. A convenient speed of rotation is 
times per minute. 

4. A plastic hood to cover the trough and 
framework. 

When the apparatus is used the electrophoresis 
papers, wetted with a mixture of 90 per ca 
methanol and 10 per cent acetic acid, are fastened 
to the framework as shown in Fig. 2. The trough 
is filled with the staining solution so that the liquid 
surface is about 1 cm above the lowest position of 
the paper strips. A rotation time of 20 minutes wil 
usually be sufficient when a saturated solution o 
Amidoblack 10 B in methanol is used as the stainin 
medium. The trough is emptied and refilled with 
the decoloring solution (for example 30 per cent 
acetone in water). In this case treatment in two 
successive baths, 15 min. in each bath, will usually 
give a clear white background. 

Such apparatuses have been used the last 
two years in this laboratory and have con- 
tributed considerably to simplifying the paper 
electrophoretic analyses of serum proteins. 
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A DEVICE FOR MAGNETIC STIRRING 
IN ELECTROMETRIC TITRATION 
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From The Central Laboratory, Odense City and County Hospital, Odeasc, Denmar 
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METABOLIC CHANGES IN ACID-BASE EQUILIBRIUM 
DURING OPERATION-AN DANES DHE Sry 


The fact that glucosuria and ketonuria 
arise during operations and anesthesia has 
been known for a long time. 

The department of anesthesia at the Fin- 
sen Institute, Copenhagen, have ascertained 
pH, pCOz and stHCO37 in the arterial blood 
under operations and anesthesia by means of 
Astrup’s (1956) technique, which makes it 
possible to distinguish between metabolically 
conditioned changes in the acid-base status, 
expressed by standard bicarbonate(stHC037 ) 
(Jorgensen & Astrup, 1957) and respira- 
torially conditioned changes, expressed by 
pCOsz. 

The 22 patients who were examined were 
all anesthetized by non-rebreathing technique 
and general analgesia, either with 75—80 
per cent nitrous oxide or with 1.5 per cent 
ether in the inspired air. Respiration was in 
all cases artificial, and was of such a magni- 
tude that the pCOsz content in the arterial 
blood was between 20 and 25 mm Hk. 

Fifteen of the 22 patients developed a non- 
respiratorially conditioned acidosis, which 
appeared to increase in accordance with the 
length of the operation. (Fig. 1.) Some of 
these patients were examined for and were 
found to have an increasing hyperglycemia 
and ketonuria. 

The spontaneous alveolar ventilation was 
greater postoperatively than immediately be- 
fore the operation, which is assumed to be 
due to a compensation for the metabolic aci- 
dosis developed during anesthesia. 

Since the blood changes ascertained re- 
sembled those found in patients suffering 
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from diabetes mellitus, an attempt was mad 
in three cases to prevent the development of 
these changes or to treat them with insulin 
and glucose administered intravenously dur- 
ing the operation. 

In the first case the content of standar 
bicarbonate was thereby kept more or less 
constant throughout an 8-hour operatio: 
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‘ig. 2). In the second case, treatment first 
gan after a fall in the standard bicarbonate 
ntent had been ascertained. The fall was 
xpped and changed to a slight rise (Fig. 3). 
ae third case concerned a diabetic patient, 
whom the acid-base status was normalized 
ring operation. 
Of the remaining four patients, the first 
owed no changes under a short exploratory 
oracotomy. The second patient, who was 
erated for a pancreatic stone, showed only 
slight fall in standard bicarbonate in spite 
the operation lasting 10 hours. The last 
0, who were both icteric, both showed a 
ght rise in standard bicarbonate. 
It is not believed that the metabolic aci- 
SiS arises as a compensation for the hyper- 
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Fig. 3. 


ventilation undertaken during the anesthesia, 
since the titrimetrically determined quantity 
of acid excreted with the urine (Jorgensen, 
1957) increased during the anesthesia at the 
same time as the content of standard bicar- 
bonate fell. 

Further investigations are in progress. 
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ELECTROPHORETIC SEPARATION OF SERUM PROTETS 
INTO-IWELVEVERACTION: ; 


Recently it has been demonstrated that the 
electrophoretic separation of serum proteins 
can be improved. Thus an increase in the 
number of separated electrophoretic compo- 
nents, or zones, from the conventional six to 
nine was made possible by the introduction 
of a new buffer (TRIS-EDTA-boric acid), 
the TEB-buffer (Aronsson & Gronwall, 
1957). 

We have now found that the number of 
separate zones obtained from a normal serum 
with this buffer on cellulose acetate strips 
(Oxoid) (Kohn, 1957) can be increased 
further through some minor modifications 
of the method. The concentration of the 
buffer has been reduced in relation to the 
buffer used in earlier experiments with cellu- 
lose acetate paper and the buffer now has 
the following composition: 


MEIRGUSH Joulopccnnar aor 60.5 g/l 
OD Awe eile weer 6.0 g/l 
Boriceacidieaac cee 4.6 g/l 


pH 8.9; conductivity 3.0 mMho 

The strips are 30 cm long which allows 
about 25 cm migration of the albumin front. 
The running time is 20 hours, the voltage 
gradient 6.0 V/cm. Staining with Amido 
Black 10 B. 

Under these conditions a normal serum 
regularly will be separated into twelve frac- 
tions or zones. An example is given in Fig. 1. 
A study of how the new components are re- 
lated to the conventional electrophoretic com- 
ponents is in progress. For the time being 
we have interpreted the separation in the 
following way. 

Albumin separates into two fractions, pre- 
albumin and one main fraction. e,-globulin 
is split into two fractions and a, is split into 
three. The f-fractions are four altogether, 
Department of Clinical Chemistry, 
University Hospital, 

Uppsala, Sweden. 


May, 1958. 


a5 olbumin 


0p 


Bige 1 


while the y-globulin shows no obvious signs 
of splitting. 

The recording densitometer “Analytrol” 
(Spinco Division, Belmont, California) has 
been used for evaluation of the strips. We 
have noticed that some components do not 

“come out” on the diagram as they do on the 
strip itself. This may partly be explained by 
the fact that the zones sometimes are curved 
or irregular and that the sensitivity and re- 
solving power of the recording instrument is 
insufficient to register some of the smallest 
components. The result of an electrophoretic — 
experiment is thus best evaluated by a com- 
bined examination of the diagram as well as" 
of the stained strip (see Fig. 1). ) 

The findings reported above show that thel 
resolving power of zone electrophoresis can 
be improved by proper selection of the ex- 
perimental conditions. 
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